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SUM M ARY

The results of a three-year field study of w ave clim ate, w ave-current nteractions and bottom
boundary layer dynam ics, and ssdim ent ttansporton Ship Shoal, off the Isles D emieres n south-
central Louisiana, are presented . Through the procuram entand fabricating of bottom  boundary
layer nstum entation system s, w ave characteristics w ere m easured sin ultanecusly attwo
geographical locations on Ship Shoal to ultm ately validate a spectral w ave propagation m odel
(STW AVE) used extensively 1n a previously finded M M S propctwhich concentrated on
assessing the potential In pacts of m ning Ship Shoal off the Liouisiana coast. T additbion . direct
field m easurem ents of tem porally- and spatially-varying directionalw ave spectra w ere obtatned at
tw o Jocations on the nner shelf. These field m easurem ents w ere conducted under differentw ave
conditions (gom s, airw eather, ete.) to faciliate num ericalm odel cutput validation and to
develop a quantitative w ave clim ate for the study area. A thid dopctive involved dotaining direct
field m easuram ents of bottom  boundary layer hydrodynam ic processes and sugpended sedin ent
transgport. These m easuram ents Include toalbed shear stress, bed roughness, drag coefficientand
their relationship to w ave directional spectral characteristics, m ean cunrentvelocity profile,
bedform eg., doples), and sugpended sedim ent concentrations. Ik is anticipated that the data
presented in this reportw 11l sign ificantly enhance confidence In num erical m odeling of w ave
conditions on the ner continental shelf . 7h addition the data presented here are the firston the
dynam ic characteristics of the bottom  boundary layer, directional sugpended sedin ent flux, and
the m orphodynam ic behavior (erosion and accretion) of the bottom In the study area.
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1. NTRODUCTION

Program O verview

Coasal erosion and w etland loss n Louisiana have been a serious threat to the coastal
ecosystEm and local econom y. D egradation of Liouisiana s barrier shorelines is nterconnected
w ith m assive wetland Joss M cBBride etal., 1989);W illiam setal., 1992; Stone etal., 1997; Stone
and M Bride, 1998). Am ong the m ostprom ising m iHgative tedhnigues to tam porarily offsst
further deterioration of the barrier island systam , thereby reducing w etland loss, involves
Tcreasing the sibaerial volim e of barrer islands Jocated prim arily westof the M ississippiR iver.
The m osteconom ically and technically feasible source of sedim entappears to be Ship Shoal, a
shore-parallel sand body w ith approxin ately 1 25 x 10° m 3 of fine sand (Suteretal., 1989)
Jocated 15 km offshore off the IslesD emieres Figurel). 111994, M M S fimded the first phase of
am ulb-yearpropct designed t© num erically m odel the in pacts of shoal rem ovalon the wave field
(Stone and Xu,1996). The results of that proectare sum m arized below :

1. Ramovalof Ship Shoalw ill alterw ave propagation , dissipation and w ave energy distrobution .
Them agnitde and gpatial distribution of the alteration depends on the nitialw ave conditions,
and nitialwave direction isnotan in portant factor in determ nng the wave clim ate change.
During severe som s Case 1;Hg6m ,Tp=ll sec.) and strong sorm s Case2;H=4m ,Tp=9
sec.), the propagating w aves reach breaking conditions seaw ard of the w estpart of Ship Shoal.
Therefore, ram oval of Ship Shoal causesam axin um ncrease of the significantw ave height over
the shoal com plex and its lee flank. W ave bresking does notoccur on the eastpartof Ship Shoal
because of m uch desperw ater, and the m agnitude of the w ave height Increase due to shoal

rem oval is secondary on com parison w ith the value on the w est flank of the shoal. During wesk

stom s Case3;Hg=2m ,Tp=6 sec.) and fairw eather conditions Case4;H=1m ,Tp=5 sec.),

w aves never reach breaking conditions over any partof Ship Shoal. Them agniide of the
significantw ave height ncrease due to the ram oval of the shoal is considerably am aller, and the
m agniudes of the w ave height Increase on the eastpartof the shoalarem nin al.

2. The nearshore w ave fields are largely dependenton the offshore w ave conditions. Num erical
sim ulations ndicate thatunderhigh energy conditions Case 1 and Case 2) ram ovalof Ship Shoal
m ay result n larger bresking w ave heights and, therefore, digplacem ent of the bresker zone
offshoreby 05 -1.0 km . Energy levels how everdo not show am arked increase in the nearshore
zone due o posthresking frictional dissipation, when the shoal is rem oved. This iseven less
apparentunder the w eaker energy conditions in Case 3 and Case 4.

3. Ihclusion ofa w ind forcing fimction In the num erical m odel significantly enhances the overall
sionificantwave height. A 20m Awind Case 1) I the wave direction causes an ncrease of the
sionificantwave heightbyasmuchas10m . A 5m Awind n Case 4, also In the wave direction,
can Increase the wave heightby 0 2 m . Consequently, the w idth of the surf zone is also creased
significantly during "local" w Inds.
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Figure11. M ap of the Ship Shoal study site off the Isles D emieres, Louisiana.

A Tthough the results dotained fiom  the num ericalm odeling phase w 1l provide guidance n
m anagam entdecision m aking and developing the Environm ental In pact Statem entpertaining to
Ship Shoal, three critical questions ram an unansw ered:

1. Towhatextentdoes the num ericalm odel realistically represent conditons in the
field?

A s stated explicitly 1 phase 1 of this study, a com prehensive field data set from which the wave
clin ate, am ong other things, can be constructed for the study area off the IslesD emieres on the
Tmer shelfw il be necessary t© help check and validate m odel cutput. The data necessary to
accom plish this are notavailbble atpresent. A though them odel ETW AV E) hasgained
acceptance In the scientific and engineering lierature Kmusetal,, 1991;M Keesetal., 1999),
com parisons w ith m easuram ents dotained from In it m easuram ent is necessary on applying the
m odel locally;

2. W hatare the dynam ic characteristics of the bottom boundary layer 1 the region?
How do they control the suspension and transgport of bed sedin ent?

3. IfShip Shoalism mned,whatw illbe the trangport dynam ics of sedin ent mtroduced
to the Inner chelf from the shoalon dredging com pletion, and what changesw ill
occur to the bottom boundary layer? How willthisultm ately affect the distrbution
and fate of sedm ent along the nourished coast?



This report describes the findings of a three year study that directly addresses these questions.
The profct isunigue In that it is the first research effort that concentrates on the dynam ic
characteristics of the bottom  boundary layer, directional suspended s=din ent flux, and the

m orphodynam ic behavior (erosion and accretion) of the bottom .

R esearch O bijectives

This report presents the data and nterpretation of a three-year field study of wave clin ate,
w ave-current interactions and bottom  boundary layer dynam ics, and sedin ent transgport n the
Ship Shoalarea, landw ard to the Iner shelf adpcent to the Isles D emieres. The prin ary
dbectives of this research are as ollow s:

1. Obtain direct field m easurem ents of bottom boundary layer hydrodynam ic processes and
sugpended s=din enttransport.

These m easuram ents nclude totalbed shear stress, bed roughness, drag coefficient and their
relationship to wave directional spectral characteristics, m ean currentvelocity profile, bedform
eg., roplks), and sugpended sedin ent concentrations.

2. O btain direct field m easurem ents of tem porally- and spatially~varying directionalwave
param eters at several Iocationson Ship Shoal.

These field m easuram ents w ere dbtained under different w ave conditons (gtom sand fair
w eather) to faciliate skill assesam entof the num ericalm odel cutputand t© develop a quantiative
wave clim ate for the study area.

Program Pricipal Investigator and Support Personnel

A Tl agpects of this program , ncluding preparation of this report, have been carried cutby
the principal nvestigator, Dr.G regory W . Stone (Louisiana State University) . D avid Pepper
(€ ST hasdeveloped m uch of the bottom boundary layer data into a hydrodynam ic-esdin ent
transgportm odelaspartofa Ph D . dissertation and has contributed to this report and provided
field support. X iongping Zhang (CSI) has assised n nning and skill assessing the num erical
wavemodel STW AVE) and has contributed to this reportalsn. Dr.PIng W ang (€SI has
assisted 1n field work and data Interpretation. Field deploym ents w ere acoom plished through the
Coasal Studies hsttute’s Field Support G roup who also fabricated the bottom  boundary layer
nstum entation anays.

Publications D erived from Funded R esearch

The follow Ing publications have dealt specifically w ith the data dbtained fiom this
resegrch :
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2. CONCEPTUAL FRAM EW ORK AND STUDY AREA

Introduction

The ner shelf is the region adpoent to the coastwhere the entire water colmn is
dom nated by friction w ith the overlying airand the underlying seabed . T spatial term s, it lies
betw een the shoreline and the m id-continental shelf, w ith the surf zone as itsm ost landw ard
portion . The dom inanthydrodynam ic variables that operate 1n this envivonm ent are mfragravity
and w ind w aves, asw ell as currents generated by w Inds and tides. These hydrodynam ic influences
Jointly exert soess on the water colum n and seabed, causing sedin ent to be m doilized and
transported along the bed or n suspension Kin etal.,, 1997).G ven the in portance of w nd as a
forcing m echanian |, it follow s that the passage of atm ogpheric stom s often results In
hydrodynam ic regponses, bottom  boundary layerm odification, and sedin ent trangporton Imer
shelves. N ot surprisingly, therefore, field ressarch has often dem onstrated that storm events can
ke responsible for transporting very large quantities of sedin ent In com parison w ith airweather
conditions.

The generalm odel for mer shelf sedin ent transport thathas em erged is one n which fair

w eatherw ave asym m etry gradually m oves sedin ent onchore, while during stom s, high wave
orbital currents suspend sedinm ent that is then transported offshore by downw elling m ean flow s

W rightetal, 1991; N ittrouerand W right, 1994) . Furthemm ore, it is com m only assum ed that
alongshelf trangport of suspended sedin ent during both fairw eatherand storm  conditions ism uch
higher than across-chelf transgport, ow Ing to soongerm ean flow s In the alongshore direction .
Considerable deviation from these generalm odels results, how ever, from variability n
m etecrological conditions, local geology, bathym etry, and physical oceanography . A dditionally, a
variety of com plex and poorly-understood interactions and feedback m echanism s operate 1 the
bottom boundary layer. For exam ple, while it is som etin es assum ed thatw aves provide the shear
stress (or “sirring m echanian ) thatentrains sedim ent that is then trangported by m ean currents,
recent ressarch has dem onstrated thatw aves and currents nteract n a highly non-lnear fashion,
aom plicating sedin ent trangport predictions G rantand M adsen, 1979, 1986).

The Louisiana hner chelf is an exam ple of a Iow -energy environm entw here significant
hydrodynam ic activity is generated alm ostexclusively by local stom s, including both tropical
(umm er) and extratropical W Inter) storm s. Furtherm ore, the Louisiana coast is som ew hatunique
asa resultof s high 1ates of sibsidence and land loss. Bearing thisuniqueness in m nd, how ever,
the follow Ing paragraphs are Intended to serve as a discussion of field ressarch conducted on Inner
shelves around the world, highlighting “ypical” hydrodynam ic, bottom boundary layer and
sedin entary regoonses t© m eteorological forcing, and the sources of deviation from these usual
responses.

A Jarge proportion of research dealing w ith continental-chelf response to m eteorological
forcing em phasizes the in portance of stom s n generating high bed stress due to the com bined
effects of w aves and currents, and causing large Increages I sedin ent transport, which varies in



direction .N ittrouerand W right (1994) sate, for exam ple, that sedin entparticles can be
transgported tens of kilom eters seaw ard during stomm s, In contrast to fairw eather conditions, when
sedin ent transportm ay be landw ard, orm ay notoccuratall. Lyne etal. 1990a, 1990b)

estim ated that 91%  of sadin ent trangoortalong the m id-continental shelf of the U S. A tlantic
aoast occurs during storm s due to strong bed stresses resulting from wave and current interaction .
N jedoroda and Sw ift 1981) and N iedoroda etal. (1984) sated thatw Inter storm  activity
provides an in portant contribution to the Iong-term  retreat of the Long Ieland coast. They
dbserved offshore and alongshore trangport as a resultof the com bination of high w ave energy
and strong dow nw elling currents at the peak of a w nter stomm |, while during the w aning phases of
the stom , when upw elling occurred,, the w aves w ere generally too low to entrain sedin ent. Fair
w eather periods w ere characterized by w ave asym m etry that transgported sedin ent landw ard at
depths shallow erthan 10m . T contrast, V ncentetal. (1983) suggested thatw nter storm s
produce a net onshore bedload sedin ent trangport n the sam e r=gion, accom panied by a shore-
parallel trangport of fine suspended s=din ent. The researchers did note, how ever, that offshore
transgport com ponents w ere m easured during one w Inter storm , suggesting that therem ay be
considerable variability I transport direction, depending on the gpecific w nd conditions

acoom panying a stom .

D egpite w ell-doaum ented differences n oceanographic regin e, the continental shelf of the
Pacific coast of N orth Am erica seem s to be characterized by sin lar storm -driven responses.
A coording to Cacchione and D rake (1990), over50% of sedim ent trangport n a one-year period
an the northem California inner shelf ocourred during thatyear’'s 20 storm iestdays. The authors
propose that, during storm s, sedin ent transport is predom antly offshore at depths less than
50m , as a resultof strong w ave activity com bined w ith downw elling, and alongshore In desper
w ater. They note that transport is alm ost alw ays the result of an Interaction betw een factors, m ost
often m ean and w ave-orbital flow s. Finally, they pointout that trtansport rates and directions are
strongly dependentupon the location and ntensity of the stom |, the r=gional pattem of w ind
stress, the m agnitude of sea-level setup and the bottom  gradient. These results w ere corroborated
by Cacchione etal. (1994), who caloulated that offshore trangporton the sam e shelf reached a
maxinum of 05 gan s during an early-M arch stom event. Cacchione etal. 1987) concluded
that the repeated occurrence of w inter storm s on the C aliformia coastgenerates high bottom
stresses due to the com bined effects of w aves and currents, and that this isultim ately an in portant
factor in controlling the spatial distribution ofbottom  sedin ent.

Lynch etal (1996) show ed that sedin ent transportw as dom nated by large stomm s during
an eight-wesk w Interdeploym ent In 90 m of w ater off the C alifomia shelf. Trangportwas
pradom mantly along-chelf, although offshore, and occasionally, onshore com ponents w ere
recorded . Interestingly, although sedin ent concentrations of up t 0.75 g I' were m easured, these
did notnecessarily conelate w ith high trangport rates, since high concentrations w ere som etim es
accom panied by weak m ean currents. A coording to G rossetal. (1991), suspended sedinm ent
concentrations of 0.030 g I' over the Califmia shelf are caused by high orbital velocites
generated by w nter storm s, and as a result, 75% of the total annual sedin ent fiux occurred
betw esn D ecam berand M arch . The researchers doserved statistically-significant logarithm ic
current profiles, even under strong w ave-orbial flow s, and caloulated apparentbottom  roughness
(Zoc) of up ® 18 am during w Inter stovm s. Thiswasm ore than 25 tim es the typical non-stom



value, and appears to have been the result of w ave-current nteraction . Sin ilbrly, Cacchione and
D1ake (1982) dbserved large Increases In shear velocity and apparentbottom  roughness

fn axinum valuesof6 9 an s* and 8 6 an , respectively) ata depth of 18 m on the contnental
shelf of A Jaska during a stom .

Regsarch from Canada, New Zealand and the United K ingdom has also provided

In portant contributions to the understanding of storm -nduced bottom  boundary layerand

sedin entary processes. Lietal. (1997) m easured tw o to threefold ncreases In shear stress, order
ofm agnitude ncreases In apparentlbed roughness, and tw o t© three order of m agnitiide ncreases
Tn s=edin ent transport on eagen Canada’s Scotdan shelf during storm s. A though fairw eather
sedin ent trangport n the ragion is determ ned aln ostexclusively by tidal flow s, the ressarchers
found that trangport direction during storm sw as dependenton the direction ofboth w aves and
w Ind-driven currents, and show ed a high degree of Inter- and mtra-storm  vardability. Am osetal.
(1999) m easured sedin ent transportm axin a of 0.027 and 0.035 g an "s* ata 22-m desp Jocation
on the Scotdan Shelf during two storm s.Am os and Judge (1991) used the sedin ent transgport
m odel SED TRAN S in com bination w ith field data to predict sedin ent transport at several sites on
the eagerm Canadian continental shelf. They concluded that ng-term  sedin ent trangport varies
over a range of tam poral scales. A tone site, forexam ple, trangportw as dom nated by storm s of
the Iongest retum interval (32 yrs.) and would thus notlbe w ell predicted using the pattems that
occur during a “ypical” w nter storm . O n the otherhand, atm ore eagterly sites, transport
appeared o be dom mated by w aves and w Ind-driven currents generated by storm s of a cne-year
reum nterval @ “Mypical” soong w nter stomm ) . Certain exasgptions w ere noted n channels,

how ever, where tidal currents w ere shown to be the dom nant Iong-term mfluence.M anighettd
and Carter 1999) described a com plex system In the HaurakiG ulf, New Zealand, n which

sedim entm ay be transported offshore at tim es, but ram ains n the shelf system asa resultof
roatng tdal currents, untl it isultn ately lost through an adipcent channel to desp water. The
authors stress that stomm s are the dom lnantagents of sedin ent trangport in the region, although
the specific effect of an ndividual storm ata particular location is highly dependentupon local
aoasal geography . G reen etal (1995) discussed num erous responses o the passage of a severe
wntersom fiom a25-m desp site on the m acrotidal B ritish N orth Sea shelf. They found that
apparentbed roughness and s=din ent trangportw as tw o orders of m agniide higher during the
stom than fafrw eather conditions. H igh sugpended sedinm ent concentrations resulted from
ncidentw ave and w ave group actvity, although transport resulting from wave orbital flow swas
m Inin al. lmstead, net trtansport over the course of the storm w as largely a resultof sedin entbeing
suspended by w aves and transported off- and alongshore by steady w Ind-driven flow s that
distorted the tidal ellipse.

A series of papersby W right and others describes the Influence of the passage of
"N ortheasters” (extratropical stom s) over the Immer shelf of the M id-A tlantic B ight In term sof
distnct storm phases, or In som e cases, storm types. W rightetal. (1986) m easured a net seaw ard
flix of suspended s=din entacoom panied by a bed level change of 15 an In the M iddle A tlantic
B ghtduring a single storm . Bed level regponse w as characterized by fourdistinct stages: 1)
negligible response to an nibdalpesk n w nd and current speed and suspended sedin ent
concentration ; 2) gradual erosion of the bed follow ing this mitialpeak ; 3) slow bed accretion



during the second and stongerpesk of the stom ; 4) 1apid bed accretion during the waning
Phases of the stomm .

M ads=n etal. (1993) and W rightetal. (1994) reported m axin um suspended sedin ent
concentrations of 1 g I w ithin the Jow estm eter of the w ater colum n during a severe N ortheaster.
Suspended s=din ent trangport during this eventw as highly dependenton the phase of the storm .
D uring the stom ‘sm ain phase, sedin ent flux was seaw ard as a result of soong dow nw elling In
regoonse to onshore w inds. The Jater sw ell-dom inated phase of the storm  w as characterized by
the deploym ent'shighest shearvelocity aswell ashigh suspended sedin ent concentration,
although only low onshore fluxes occurred, ow Ing to the presence of wesk mean flows. K in etal.

(1997) characterized a N ortheaster over the M id-A tlantic B ight In term sof fourphases: 1) an
hitalcain period when non-diffusive sedin ent trangportw as confined to the thin w ave boundary
layer whbl); 2) the storm ‘s onset, when the whbl thickened dram atically and suspended sedin ent
transgport Increased; 3) the storm ‘speak, when bed stress, wbl thidkness, and suspended sedin ent
trangportw ere ata m axin um , causing the cnsstof sheet flow ; and 4) the poststom phase, when
sugpended s=edin ent trangportw as confined t© the thick whbl, ow Ing t© low current shear.W right
etal. (1991) summ arized results fiom three years of field deploym ents In 7-17 m waterdepthson
theM iddle A tlantic B ight. They found thatm easurable contributions to sedin ent transportw ere
m ade by m ean flow s, mfragravity oscillations and ncidentw aves. D uring storm s, dow nw elling
m ean flow s caused sedin ent o be trangported offshore, while during fairw eather and m oderate
energy conditons, m ean currents trangported sedim entboth on- and offshore. D uring all
conditions, incidentw aves w ere the prim ary source of shear stress, and fliuxes atboth lncidentand
Ifragravity frequencies w ere justas com m only onshore as offshore. X u and W right (1998)
dentified tw o significantly different storm  types and their associated currents on the N orth
Carolina shoreface. Southerly storm s caused coastal set-down and upw elling, while northeasterly
storm sw ere associated w ith coas@al set-up and downw elling. T is clear from  this research that
considerable variability m ay ocour during various sages of an individual som aswell asbetw een
different storm s.

T addition to the com plications to bottom boundary layer regponse and sedin ent
trangport ntroducad by local differences In geographic, geological, oceanographic factors,
In portant mfluences are exerted by negative feedbadk, and othernon-lnearm echanism s, som e of
which w il e Introduced briefly n thisparagraph . G lenn and G rant (1987) dem onstrated by
m eans of a sophistcated m athem aticalm odel that storm sm ay result n enhanced turbulentm xing
ow Ing to w ave-curnrent nteraction, which can, in tum, cause a r=duction in shear sress ow g t©
the stable sratification of the w ater colim n by sugpended sedim ent. Bed amm oring occurs w hen
sedin ent n size classesw ith a Iow critical entratnm ent sress isw nnow ed from  the bed, leaving a
higherbed concentration of less-eadily-entrained size-fractions. Sedim ent stratification and bed
arm oring have both been shown to reduce sedim ent ttrangport on the Inner shelf during high-
Suspension events such as stom s Lyne etal,, 1990b; W derg etal., 1994).

The m orphology of the bed is also an in portant factor nfluencing bottom  boundary layer
param eters and sedin ent trangport. Lietal. (1996) described feedback betw een bed form s and
sugpended sedim ent trangport during variousm etecrological conditbions n theM iddle A tlantic
B ight. They found that during fairw eather, bed ripple roughness, shear staess, and the am ountof
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sedim ent sugpended by vortices w ere directly related . D uring m oderate stomm s, bed roughness
reached a “breakoff pomt” where it, and hence vortex activity, began to decline w ith increasing
shear stress. D uring severe storm s, rpples on the bed w ere com pletely w ashed out, vortex activity
was elim nated, and sheet flow prevailed. These results are supported by subssquent research ata
39-m desp location on the Canadian continental shelfby Liiand Am os (1999) . They doserved the
disappearance of large w ave ripples during the strong com bined flow s that accom panied storm
activity, and their subssquent re-form ation as sedin ent fell cut of suspension follow Ing the peak
of the storm .V Incentand Green (1990) dem onstzated thatw ave vorticesm ay have som ewhat
unpredictable effects on sedin ent transport over a rippled bed on the tide-dom inated nner chelf of
north Norfolk, U K .V ortces w ere responsible forphase differences In sedin ent concentration
and flow atvarious levels above the bed. A s a result, sedim ent trangoortw as onshore near the
bed, slightly offshore between five and 10 an above the bed, and onshore higher in the water
clmn.Boon etal. (1996) highlighted an Interesting shallow -water (11 5 m ) phenom enon In
which nteracting wave ttatns of swell and sea frequencies In an estuary caused an enhancem entof
sedin ent transportby a factorof 2°° . C Jearly, therefore, bottom boundary Jayer responses to
hydrodynam ic forcing are seldom  sin ple and 1near and researchersm ustle cognizant of a variety
of potentially com plicated nteractions.

Three general conclusions of the research discussed 1 the previous paragraphs are
evident. First, storm -induced trangport is often o high that itdom hates toal ong-term  sedin ent
transporton a particular mer shelf, despite the fact that stom  activity m ay account foronly a
sm all fraction of tim e. Second, certain regponses to stovm conditions on the continental shelf are
fairly universal and are to som e degree predictable. Comm on bottom  boundary layer responses
Iclude changes n bed form m orphology and apparentbottom  roughness, and increases I shear
velocity and suspended sedin ent concentration . Sedin ent transport rate during stomm s tends to
ncrease, while trangport direction is largely determ ned by w ave asym m etry, w Ind-driven flow s,
and barotropic currents. Finally, hydrodynam ic, bottom boundary layer and sedim entary responses
to storm  events are extram ely sensitive to the duration, mtensity, tradk, and w Ind structure of the
stom aswellas o the characteristics of the coas@l environm ent it=elf, mcluding is geology,
bathym etry, coastal orientation and physical oceanography . These responees are further
com plicated by poorly-understood interactions betw een variables and com plex negative feedback
m echanism s such as stratification and bed m odification . Thus, the generalm odel of large off- and
alongshore fhixes of sedin entlbeing generated by the passage of storm s, while usefiill, m usthe
used w ith caution In the contextofa specific nerchelf site.

C onceptual Basis for the R esearch

Thasbeen dam onstrated In the preceding section thatm any issues regarding
hydrodynam ic, bottom boundary layer, and sedin entary regponses t m eteorological forcing on
Tmner shelves are poorty understood . Further, ithas been noted that the regponse of a particular
Tnner shelf environm ent is sensitive to a variety of Jocal and r=gional factors. The mner shelf of
Louisina isunigue in com parsm w ith m any previously-stidied oceanic shelves In that it is
exposed o amuch lowerm ean level of hydrodynam ic energy, it is dom nated by higher frequency
waves, and ithas a different orientation relative t m ean and storm w Ind directions. Furtherm ore,
itisan in portantcom ponentofa system that is experiencing som e of the highest rates of Jand loss
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1 theworld. Finally, a sulbm erged H olocene sand body (1e. Ship Shoal) isa congpicuous local
bathym etric feature whose influence on hydrodynam ics and sedim ent transport is poorly
understood . Thus, there are both theoretical and pragm atic reasons for this study.

U ltm ately, the goal of this propct is to describe and quantify hydrodynam ic variables, bottom
boundary layerparam eters, and directional sedim ent transport I the context of m etecrological
forcing on the south-central Louisiana imer shelf in the vicinity of Ship Shoal. A though m any
variables w 11l be considered, particular em phasis w 1l e placed upon w ave height and period,

m ean and orbial flow velocity, currentand com bined w ave-current shear velocity, and across-
shelf (ie.on and offshore) sedin ent transgport. This propctw i1l address these variables n the
contextof the follow ng specific dbpctives:

1. To illustrate the episodic, storm -dom nated, nature of the Inner shelf n the region
during the w nter by quantifying the differencesbetw een storm sand fair weather.

2. To dem onstrate the variability betw een lndividualstorm sw ith differentm eteorological
characteristics, and to suggest reasons for this variabiliy .

3. To gpecify the differencesbetw een the seaw ard and landw ard sides of Ship Shoal,
thereby elicidating its mfluence on regional hydrodynam ics and sedin ent transport.

4. To estn ate the overall flux of sedim ent across Ship Shoalover a shorttin e scale. This
w llperm it a quanttative evaluation of event-scale erosion, accretion and m igration of
the shoal, and w fllallow forcing m echanism s to be identified and placed w ithn the
context of the shoal’s Iong-term evolution.

5. Toutlize the hydrodynam ic m easurem ents, prin arily w ave characteristics, to skill
assess thenum ericalwavem odelSTW AVE.

The flfillm entof these dojectives w 11l provide a unigque and usefiil evaluation of the nfluence of
both w Inter stom s, which are arguably the m ost significant regional forcing m echanian , aswellas
Ship Shoal, which is undoubtedly the region’sm ostprom mentm orpho-sedin entary feature.

A dditonally, it ishoped that this analysis w ill enhance overall understending of bottom  lboundary
layer, sedin ent trangportand w ave m odels for inner-chelf environm ents w orldw ide, where
regearch hasbeen 1im ited in both quantity and geographical coverage.

Study A rea

The study area is located on the south-central Liouisiana Imer shelf, seaw ard of the Ieles
D emieres, n waterdepthsof six toninem eters Fig.11).Two deploym ent sitesw ere chosen o
as to occupy both the seaw ard and landw ard m argins of Ship Shoal, the area’sm ostprom nent
bathym etric feature. The co-ordinates of the seaw ard Jocation Site 1) are 28°50 68'N , 91°
07 52W , and those of the landw ard site Site2) are28°55.74' N, 91°01.73'W . This chapterw ill
discuss the specific characteristics of these study sites as w ell as provide a brief overview of
pertnent regional considerations.
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M eteocrology

A prim ary focus of thiswork is to investigate the nfluence of m etecrological conditions,
and in particular, high-energy w ind events (storm s), on Inner shelf processes n Louisiana.
Annually, average w ind speed in coastal Louisiana is gpproxim ately 3m s from the southeast.
Since w Ind conditions vary considerably over the course of the year, how ever, stom clim atology
ism ost conveniently represented by m eans of tw o “seagons’— a summ er season lasting roughly
from Aprlto N ovan ber, and a w inter season com prising the ram ainder of the year.

During the sum m erm cnths, coasal Louisiana’s w eather isdom lnated by M aritim e
Tropical afrm asses centered over the Gulf of M exico. This alm ostalw ays results n uniform Iy hot,
hum id, and calm weather, aside from Jocalized convectional thunderstorm  activity . lhfrequentbut
often very pow erful tropical cyclones (tropical storm s and hurricanes), do ocour, how ever, during
this tim e. Tropical sorm s and hurricanes have m ade Iandfall on the Liouisiana coast during the
past century once every 3 3 and 4 .0 years, regoectively, w ith the highest frequency in Septem ber
(Stone etal., 1997) . Tropical cyclones can dovicusly be extrem ely high-energy events; for
exam ple, susaned w Inds during Hurricane Cam ille, which studk the Louisiana coastin 1969,
were n excessof 100m s (Stone etal., 1997). The in pactof such stom s on a particular section
of coast, while potentially dram atic how ever, ishighly variable, and depends upon the ntensity,
duration, and track of the individual cyclone. Since no tropical cyclones nfluenced the study area
during the deploym entperiod, how ever, no further discussion of such events is included.

From approxin ately N ovem ber to A pril, extratropical, orm id-latitude, m etsorological

system s dom Tnate coast@l Louisiana’s w eather. STice m id-latitude m eteorology is controlled by a
com plex Nterrelationship of afrm asses, cyclones, anticyclones and fronts, only a brief overview is
offered here, although m ore detailed references are abundant €g.M oran and M organ, 1994 ).
U 1tm ately, extratropical stom s are the result of R ossoy w aves generated by heat transfer along
the polar front, which form s the global boundary betw een tropical and polar airm asses

H enderson -Sellers and R dbingn, 1986) . Synoptic-scale storm s are nitiated along this front
through cyclogenesis, a regular sequence of events that com m ences when an area of strong
divergence 1n the upper atm osphere causes a drop In surface airpressure and the form ation of a
low pressure cell, or “Low ” M oran and M organ, 1994) . C lockw ise, or cyclonic, ciraulation
develops around this Low , and the cyclone begins to m Igrate eastw ard.. A s this occurs, the portion
of the polar front to the east of the Low m oves northw ard asawamm firont, while the portion to
the westm oves southw ard as a cold front. The process of cyclogenesis tends to occur Tn
particular geographic locations, and although there are several such source r=gions In N orth
Am erica, them ost In portant for coasal Louisiana are on the lee side of the Rodky M ountains and
1 thewestem Gulfof M exico Chaney, 1999).

Since any portion of am d-latitude system m ay In pact the Louisiana coast during any
stage of developm ent, the general term extratropical storm isused 1n this dissertation to nclude
allm eteorological phenom ena thatorighate In the m id-latitudes and generate high, susaned,

w Ind speeds for several hours. Tt chould be noted, how ever, that other authors have used different
nom enclature to identify these events. Forexam ple, the term s cold front Rdberts, etal., 1987,
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1989; Chaney, 1999), cold airoutbreak Chuang and W isam an, 1983), episodic atm ospheric
forcing @ mbrusteretal., 1997), Nor'easer W rightetal., 1986), winterstom O rake and
Cacchione, 1991) aswellasm id-lathide, and extratropical cyckmne, refer to phenom ena thatare
called extratropical storm s In this dissertation .

Extratropical storm s are extram ely in portantm eteorological forcing m echanism s n the

northem GulfofM exico.W hile they tend to be less intense than tropical stom s, they arem uch
m ore frequent, ocourring roughly 20 t© 30 tm esperyear, w ith am axinum frequency in January
Robertsetal, 1987, 1989) .G iven their com plex evolution and their spatial and tam poral
variability, it is not surprising that ndvidual extratropical storm s thatpass a partioular location
m ay differw idely in temm s of thefrm etrorological characteristics. W Ind speedmay exceed 25m s
!, asestn ated orthe “Stom of the Century” in 1993 (Chaney, 1999), butm ay be only slightly
above average forw eaker events. G enerally, extratropical stomm s are characterized by a clockw ise
rotation of w ind direction from the south to the north, w ith high w ind speeds occurring both prior
o, and follow Ing the passage of the cold front (Chaney, 1999) . This results n a general shift from
onshore to offshore w Inds along the coastof the Gulf of M exico, unlike thatwhich occurs on the
north-south aligned A tlantic or Pacific coasts, a factorwhich presum ably has in plications for

w ave grow th and propagation, current flow , and sedin ent transport.

H ydrodynam ics and Bottom Boundary Layer Regin e

The northem Gulf of M exico isam icrotidal environm ent characterized by low
hydrodynam ic energy, exosptduring stom s Penland etal., 1988; W right, 1995; Jaffe etal,,
1997,W rightetal., 1997).A verage significant desp-w aterw ave height and peak period are
gpproxin ately 1 m and 5-6 s, respectively, while the dom nantangle of w ave approach is from the
southeast Penland etal., 1988; Jaffe etal., 1997).W ave dissipation and refraction ocour across
the shallow Louisiana shelf, how ever, m odifying these param eters closer to shore Stone etal,
1995) .M ostnotably, this causes a decrease n w ave height. A coording to R itchie and Penland

(1988) average w ave height seaw ard of the Isles D emieres (in m ediately landw axrd of the present
study area) isonly about 0.6 m .On the otherhand, w ave characteristics during storm s tend to be
m arkedly different from those m easured during fairw eather. D uring w inter cold fronts, for
exam pl, significantwave heightsof 2-3 m m ay occur O Ingleretal., 1993).A typical, although
variable, sequence of w ave regoonses to these frontal passages includes the propagation of high,
Tong-period w aves from  offshore during the pre-frontal phase, follow ed by the presence of sea-
Tike conditions, w ith variable w ave heights, periods and directions, during the postfrontal phase

Robertsetal., 1987) . Tropical stomm s and hurricanes generate a variety of w ave conditions
depending upon their track and ntensity, hcluding w aves severalm eters in height and greater
than ten ssconds 1 period Stone etal., 1997).

T ides In the study area are diumal, w ith a tropic range of roughly 40 an |, resulting n only
weak tidal currents W right, 1995; W rightetal,, 1997).0n the otherhand, storm surges
associated w ith w ind-events play a significant, buthighly variable, role in m odulating sea level
over the shelf and Tn nearshore environm ents Chuang and W isam an, 1983 ; Biocourtetal., 1998).
For exam ple, w ater level set-up along the coastm ay reach 0 9 m during extratropical storm s

R irhie and Penland, 1988) and 7.0 m during hurricanes Stone etal., 1997).
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A swould be expected from  the hydrodynam ic regin e, only low -energy processes operate the

m aprity of the tim e In the bottom  boundary layer of the Louisiana shelf W right, 1995; W rightet
al., 1997). Several field studies conducted on the m id- and outer shelf have ndicated thatm ean
nearbottom flow s and bed sresses are not strong encugh t© re-sugpend sedin entduring typical
conditions @ dam setal, 1987;Halperand M oG rail, 1988) . Even on the Imer shelf, n depthsof
1520m ,W rightetal. 1997) estim ated am ean com bined w ave-current shear velocity of less than
0.7an s',an apparentbottom roughness of 0.011-0.015 an , and am ean drag coefficientof 3 6 x
107, during fairw eather conditions. They concluded that variations in suspended particulate
concentration are generally the result of the advection of sedin entplum es from neatby rivers.On
the otherhand, a few authors have evaluated field data w ith m athem aticalm odels that suggest
thatbottom stessm ay be large encugh t© sugpend bottom  sedim entunder certat conditions. For
exam ple, Croutand Ham ier (1979) analyzed pressure transducerdata from a 10-m desp location
on the Imer shelf of w estern Louisiana using them odelof Kom arand M iller (1975), and

estim ated that sum m er stomm s, w inter cold frontpassages and southeasterly w Ind events during
the spring could generate sufficient stress to suspend bottom  sedin ent. Jaffe etal.(1997) used the
GEm-GrantM adssn m odel Grantand M adgen, 1979; G lenn and G rant, 1987) t© predict sand
resuspension on the shoreface ad-pcent to the Ieles D emieres during a variety of conditions. They
conclided thatbottom stress w ould be Incapable sugpending a significant am cuntof sedin ent
exceptduring storm  conditons. Specifically they em phasized that sedin ent ransport rates on the
Louisiana inner shelf during nom al fairw eather conditons w ould bem ore than 10° tim es ower
than during large stom s, such asm ajpr cold fiontpassages, and m ore than 10* tin es Iow er than
during hurricanes. This analysis Indicated that extram e events are prabably regoponsible forthe vast
m aprity of Iong-term s=edim ent trangport n the r=gion, even aonsidering their relative nfrequency.
h summ ary, therefore, the few studies conducted on the Louisiana shelf have indicated that its
bottom boundary layer is characterized by low hydraulic energy, except during stom s, when bed
Stressesm ay Increase © a level capable of suspending and trangporting bottom  sedim ent.

G eology /5 eom orphology

The geology of the Liouisiana continental shelf is extram ely com plex, and also very well
docum ented . A com prehensive discussion, w hich w ould necessarily nclide featuires as diverse as
dispirs, saltdom es, and any num ber of m uddy, silty and sandy ssdin entary structures, is therefore
clearly beyond the soope of this dissertation, although excellent review sm ay be found 1 K olb and
Van Lopik (1958), Scruttn (1960), Frazier 1967) and Colem an etal. (1998).

The geology of the Louisiana Imer shelf hasbeen largely dom hated during the past
several thousand years by the mfluence of the M ississippi R ver system and its associated delta
cycle (Scruton, 1960) . This cycle aonsists of quasi-periodic dela-sw ithing, which occurs roughly
every 1000 years, and an allerscale sw itthing associated w ith sulbdeltas, bayfills, and crevasse
splays, which occurw ith frequencies from hundreds of years to a few decades (Colem an etal.,
1998) . D uring this cycle, coasal progradation of up t© 100m yr takesplace while a delta or Iobe
Isactive (egression) . Follow ng abandonm ent, the delta gradually becom es subm erged due t©
Suibsidence and the shoreline retreats (ansgression) . This cycle has created an altermating
Succession of transgressive and regressive sedin entary features that dom nate Louisiana’s coastal
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geology. O nly tw o areas of Louisiana’s coast, the B irdfoot and A tthafalaya W ax Lake D eltas, are
presently experiencing the regression phase of this cycle, while the m ajprity of the coast, ncluding
the study area, is undergoing relative sea Jevel rise ata rate of roughly 1.0-11 am yr— (Penland
and Ram s=y, 1990).

Ship Shoal is a sand body that is approxin ately 50 km long and 12 km w ide at tswesem
end, where them Inin um overlying waterdepth is3 m . kisasymm etric In profile, w ith seep
Jandw ard slopes 0f 1:90 to 1:750 and shallow er geaw ard slopesof 1:900 © 12,000 Penland et
al., 1988).Penland etal. (1988) attem pted t© account for coas@al features associated w ith deltzic
transgression 1 Louisiana i temm s of a three-stage m odel that ncluded the developm entof:1.an
erosional headland w ith flanking barrers; 2 . a ttansgressive barrier island arc; 3. an nner shelf
shoal. A ccording to this classification, Ship Shoal is a typical stage 3 feature that form ed from the
transgression and sulom ergence of a form erbarrier shoreline, while the adjpcent IslesD emieres
chain isa transgressive barrier island arc Penland etal., 1988) . Bathym etric surveys suggest that
Ship Shoal ism igrating landw ard across deposits from  the abandoned M aringouin D elta ata rate
ofbetween 15 m yfl nthewest,and 7m yfl ntheeast.

Unlikem any of Louisina’s coasal environm ents w hich are dom inated by siltand m ud,
bed sedim ent In the study area is clean quartz send with am ean grain dism eterof 012-013 mm .
Caom plete results of the analysis of bottom  sedin ent from both study sites are shown n Figs2 1
and22.

120
Foks& W ard Summ ary:

100 T | meangmi size: 012 mm
0 (rery fine sand)
> 80 T | wery wellsorted
-
c | | coarse-skewed —y .
8 60 Eptokurtic / — n-chss %
1
g 40 — cum ubtie %

20 | ’_‘
0 — 1 : : I_I : : : :

gram size fmm)

Figure 2 1. Resultsof analysisof sedim ent from Sie 1 (the O fishore site; see Fig. 3 3 for Jocation) .
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Figure 2 2. Resultsof analysis of sedim ent from Site 2 (the Thshore site; see Fig. 3 3 for location) .
Practical C oncems

The unigque characteristics of the Louisiana coas@al zone have been w idely discussed 1 the
Titerature, ncluding, butnot lim ited t© oceanographic, geclogical, ecological, geographical, and
policy-oriented sources. O bviocusly, relative sea level rise and coagal land loss are prim ary
concems. O ne prom nentproposal hasbeen to artificially m antan the volum e of exoding offshore
barrier island chans to act as a protective barrier againstw ave energy for the adpcent coast. The
possble m eans by which to do o include the In plam entation of hard structures, such as
breskw aters, and artificial nourighm entusing sedi ent fiom distant sources. Ship Shoal, w ith its
large quantity of clean, quartz sand, is considered a viable source for this sedinent. W ith the
exagption of an extensive num ericalm odeling effortof the wave field Stone and Xu, 1996), the
shoal’s mfluence on w aves, cunrents, bottom  boundary layer dynam ics, and sedin ent transgport in
the ragion is largely unknown . C learly, therefore, a know ledge of hydrodynam ic and sedin entary
processes on the south-central Louisiana inner shelf is of great practical, asw ell as theoretical
aonoem.
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3.METHODOLOGY

Instrum entation and Field M ethods

The prim ary com ponentof the field research w as the deploym ent of nstum entation
during a period of severalw egks, beginning N ovem ber 24, 1998 . Three bottom -m cuntad
Tstum entation system swere used, two of which System s1A and 1B) were deployed a few
m etersaw ay from each otheratSie 1, while the other System 22 ) wasdeployed atSite 2.
SystEm 2A was retreved on January 12,1999, and the others ram ained at Site 1 untdl February 2,
1999.Due tom amn ory constramts, how ever, System 1A ceased logging on January 20, 1999.
D uring each deploym entand retrieval, divers collected sedin ent from  the bed, and water sam ples
from the water colum n, and doserved and m easured any visible bed form s. An additonal
deploym ent occurred on February 9 through M axch 13, 2000. D ata m easured during these and
the previous deploym ents w ere usad form odel com parison and are evaluated lJater n this report.

The Instrum entation consisted of tw o types of fram e-m cunted systam , both of which
cluded a s=slif-contained data recorderm odule. The prin ary com ponents of System s 1A and 2A
Fig3 1) were Sontekqy downw ard-looking A coustic D opplerV elocin eters @DV ‘s) that
m easured s=abed elevation, relative particulate concentration and 3-din ensional currents atan
elevation of 20 an above thebed. System 1A wasprogramm ed to sam ple at 25 H z, the m axin um
1ate achievable by the sensor, since such a high sam pling 1ate had seldom |, ifever, been used 1 an
Tner-chelf environm ent (gee Table 3 1, at the end of this section, for all mstrum ent sam pling
mtes). Unforimately, storage of these data necessitated that a burst mtervalof only 81 seconds
every three hours be used. Ttw as thought that since System 1B was deployed 1n the Inm ediate
vicinity, potential gains achieved by detecting high -frequency turbulent fluctuations thathad not
previously been reported would ocutw eigh losses mourred by using a shortburst Interval. System
2A inclided a Paroscientific pressure sensor n addition t© the ADV , and was programm ed to
sam ple at4H z for 8 5 m nutes every three hours. System s 1A and 2A ncluded ntemal com passes
and tltand roll sensors to enable the rotation of directional m easurem ents nto a planetary fram e
of reference.

System 1B was a unigue m uld-sensorpackage nicknamed W ADM A S Fig 3 2). koonsisted ofa
Paroscientific pressure sensor, a sonar altin etey, and a vertical anay of three co-located M arsh-M B imey

electrom agnetic currentm eters and Seapoint optical backscatter sensors (O BS’s) . This instrum entation
enabled W ADM A S tom easure w ater level, directional w ave param eters, and ssabed elevation, as
well as currentvelocity and sugpended sadin ent concentration atheights of 20, 60, and 100 an
above the seabed . To aonserve battery pow er and recorderm em ory, all of the sensors on

W ADM A S were program m ed forburstm ode (ie. discontinuous) sam pling . Specifically, the
sonar altim eter collected one m easuram entevery 15 m nutes, while all other sensors sam pled for
8 5 m mutesperhourata frequency of4 Hz.

19



Figure31. SystEam 2A during deploym entatSie2.Key:A ) A coustic D gpplerV elocim eter ADV ) B) Pressure
Sensor C) Enclosed cyllinder containing recorderm odule, com pass and pow er supply. System 1A was
dentical except that i did not Include a pressure senso

Figure 3 2. Systam 1B during deploym entatSie 1.Key: A ) Stacked anay of co-located electrom agnetic curnrent
m eters and optical backscatter sensors B ) Pressure Sensor C) W ater-tight cyllinder containing racorder
m odule, com pass and pow er supply D ) Sonaraltm eter.
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Figure 3 3. Location of mstrum entation sites at Ship Shoal; Site 1 = O fishore Station, Site 2 = nshore Station.
An additional site M iddle Station) w as established for the 2000 deploym ent.

Table 3 1. Sam pling schem esused in data aollection . * N ote: Sam pling schem e shown for the m eteorological
station ndicates GD IL1 data sslected foruse In this sudy, and not the entire data set collected by
NOAA ,which wasm ore com prehensive.

Sensor/ Rate H2)

M easurem ent

Pressure

3D Current
Suspended Sedin ent
Concentration

Bed Level

3D Current
Suspended Sedin ent
Concentration

Bed Level

Pressure

Current

OBS

SonarA ltm eter

W ind
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Unlkem any com parable lnstrum entation packages thathave been deployed on nner
shelves, the system sused 1 this study are notable in that they do notem ploy a traditional tripod
or tetrapod-type fram e design . Tnstead,, sensors are supported by thinner, less-obtrusive m etal
supports thatallow them t© ram ain ssparated from  the heavy bottom -m ounted fiam es. The mtent
of thisdesign was tom Inin ize the interference of the equiom entw ith the param eters being
m easured; n particular. T particulardesion of System 1B allow ed the sonar altim eter to m easure
bed elevation ata disance of nearly 1 m from the bottom -m ocunted section of the fram e, bed level
changes relative to oould, 1 certan cases, be localized effects, such as ripple m gration, thatdid
noteffect the entire nstrum ent.

Hourly w Ind data for the deploym entperiod w ere cotained from the N ational
O ceanographic and A tm ospheric A dm inistation NOAA ) sation located on G rand IEle,
Louisina at29°27'N,89° 96’W (D IL1).These m easurem ents w ere supplem ented by daily
nationalw eatherm aps dotained fiom the NationalW eather Service, which were inspected visually
to verify the occurrence of cold frontpassages.

Laboratory M ethods

Laboratory procedures for this projpct Included two com ponents: 1) Instum ent
calbration, testing and preparation, and 2) analysis of sedin entand water sam ples from  the field
site. A 11 mstrum entation w as caliborated, prior to deploym ent, by the C cagal Studies nsthute Field
SupportG roup 1n thetr testing facilitdes. Since optical backscatter sengors are m ore sensitive to
fine than to coarse s=din ent, while the reverse is true for acoustic system s, appropriate field
conversion factors w ere established using bottom sedim ent from  the study sites. This procedure
consisted of exposing the sensors to a series of uniform y-stined m ixtures of distlled water and
known concentrations of field sedin ent. The voltage cutput from  the sensorsw as then related t©
the sedin ent concentration by using regression to fita calibration curve to a scatterplot of these
variables. SThce the field data from the optical backscatter sensors w ere ultim ately found t© be
fauly, OBS calibbration results w illnotbe discussed . Field data fiom the ADV ‘s appeared to be
reliable, how ever, and as such, the electronic signal srength w as converted from  the calioration
curve dbtained In the laboratory, which took the fom :

C=720197x107" (L0 ") 1)
where C is the volum etric concentration of sedin entand SS isthe ADV signal strength.
D ry sieving at 0 25 ¢ Intervalsw as conducted to determ Ine the grain-size com position of the
sam ples ofbottom  sedin ent. The w ater sam ples, collected at the surface and at 05,2 and 4 m

above the bed, w ere filtered through 0.7? m paperusing a pum p-operated filtration system , dried
in an oven at60°C , and w eighed to determ ine the sedin ent concentration .
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D ata Processing and AnalyticalM ethods

Spectral Analysis

An inital discussion of gpectral analysis isw ananted since itplayed a prom nentand
varied role In this profct. Spectral plots of ndividual variables and cross-gpoectral plots of paired
variables w ere generated on several tin e-scales. Th addition, plots of coherence and phase spectra
were derived from the cross-gpectra of the paired variables. G enerally speaking, the purpose of
Soectral, or frequency-dom atn, representation is to dentify periodicities essentially recurrence
ntervals) overwhich phenom ena fluctuate. Pow er spectra Indicate the frequency ranges over
which an individual variable flictuates whereas cross-goectra do the sam e for the crossproduct of
tw o variables. C cherence spectra ilustrate, on a scale of 0 to 1, the correlation betw een two
variables at different frequencies, while phase spectra show the lead or lag of one variable n
relation to a second.

Spectral analysis generally involves the application of am cothing, ssgm enting, or
w Indow Ing technigues to ncrease the confidence level of the results. The W elch m ethod, n which
a sngle data series is nitially subdivided nto ssveral shorter segm ents w ith a specified overlap
length, wasused In this study. A Hanning w Indow w as then applied to an ooth these series, and
Fourder series expansion w as used to convert these series from  the frequency to the timedom ain.
Since spectral tedhnigues have been gpplied In this propct In situations where sam pling schem es
and record. lengths have varied w idely, the details of analysis technigues are sum m arized in Table
32.

Table 3 2. Segm ent, w ndow , and overlap lengthsused in spectral analysis.

Series Segm ent W lndow O verlap
Sysem | Length Samples Fregency Length  Length Length
1A 8l s 2048 = 25Hz 256 256 128
1B & 2A 85min 2048 4Hz 256 256 128
1A 56 d 448 8 day™ 64 32 0
1B &
GDIL1  655d 1574 @ 24day’ 256 256 128
2A 49d 392 8 day™ 64 32 0

D frectionalW ave Processing
D irectionalw ave param eters w ere calculated from  the pressure and currentm eter data by using a
Soectral approach to generate the first five coefficients @y, a1, b1, a2, and b,) of the directional
Fourier series Earle etal., 1995).To com pensate for the effect of depth attenuation, w ave-
pressure and horizontal-velocity-am plitude correction factors Rp and Ru, respectively) were
applied t© the coefficients. These conrection factors w ere caloulated foreach frequency (B using:
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N cogh [k (za + d)]

Rp () 3 2)
cosh kd)

Ru (f)c Dk @+d)] 3 3)
sinh (kd)

where z;and d are the m ean sensor and totalw ater depths, and wave num ber (k) was calculated
Iteratively using the dispersion equation :

(pf)’= (gk) tanh (kd) B4)
The five Fourier coefficients w ere calculated by generating all possible com binations of the

cross-gpectra Cxy) of the pressure ) and horizontal velocity com ponents . and v.), and using
the follow Ing form ulas:

Cpp(£)
o(f)=———
ao(f) Rp? (£ 3 5)
Cpu, (f) Cpv. (f)
1 = c R 1 f = < .
)= o ERu(B) epEp °F o) = o (Ru (B pED ©
Cuu. (f)-Cvwv, (f)) Cu.v. (f)
2 f — C C c C . 2 f = Cc C
az ( R (f) pf P 338) b2 (£) R (£) 2pf )P B3.9)

Tt should be noted that the correction factors Rp and Ru are frequency-dependent, and thusw i1l
approach zero as the frequency ncreases. A s such, a high-frequency “cutoff” value of 0 35 Hz
was selected n accordance w ith Long and O 1m an-Shay (1991).

M ean and principalwave direction (F; and F';) w ere calculated using :
F,=arctn b, &) 310)
and F,=05 arctan b,A;) B3 11)

These C artesian directions w ere converted to geographical directions on the basis of the
Tstum ent orientation m easured by the com passes ncluded on the system s.

Peak wave period (I'p) and significantw ave height H,,,) were caloulated using the non -
directionalw ave spectrum , C zz, which isequal to the productofa, and B . Peak pericd is sin ply
the reciprocal of the spectral frequency atwhich the highestenergy ocours (ie.where Czz isthe
highest) . Significantw ave heightw as com puted from :

Hno=40vmo (3.12)

w here the zero m om entof the non-directional spectrum  fn ) is the sum m ation of gpectral energy
over the totalnum ber Nb) of frequency lbands of bandw idth df:

Nb
mo= Y Czz(f)df (313)
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This caloulation is com m only used In w ave analysis, although itm ay yield estim ates 5-10% higher
than the ttaditional definition of significantw ave height H, 4), caloulated using the highest cne-
third of the waves In the wave field LonguetH Iggins, 1980).

Calculation of Bottom Boundary Layer Param eters and Sedin ent T rangoort

This section describes the procedures used o calculate bottom  boundary layer param eters
and predict flow , sedin ent suspension and sedim ent transport. Since itisa lengthy and detailed
section, a few nidalnotes of explanation are w ananted to clarify how each technigue relates to
the overall stucture of the research.

Twom ethodsw ere used to calculate an nitial value of shearvelocity, depending on the
system used.Values from Systam s1A and 2A were dotained using the Reynolds Stress technique
RS),while values from System 1B were caloulated on the basis of the logarithm icprofile LOG)
m ethod.. Sedin ent transportw as calaulated using essentially three techniques, called, for the
purposes of this progct, the G rantM adsen-Rouse GM R), theM eyer-Peterand M uller M PM ),
and the spectral crossproduct (SCP) m ethods. The firsttwo of these GM R andM PM ) were
based on the concspt of shearvelocity, while the SCP m ethod wasbased on Instantanecus field
m easuram ents. Twas assum ed 1n this study that sedin ent transport could be sulbdivided nto bed
and suspended load m odes, as is very comm anly done, degpite the som ew hat arbitrary nature of
this classification schem e D aviesand Lii, 1997) .Bed load isgenerally defined as all sedin ent that
m alntamns occasional aontactw ith the bed, while m oving horizontally ata m easurably slow er rate
than the flow , while suspended sedin ent is assum ed to rem ain above the bed atall tim esand to be
trangported horizontally at approxin ately the fluid velocity . In this sudy, theM PM m ethod was
em ployed t© calaulate bed load trangport, while the GM R and SCP m ethodsw ere used to
calaulate suspended s=din ent trangport. Table 3 3 sum m arizes the m ethods usad to calaulate shear
velocity and sedin ent trangport. Finally, although the relevantequations 1n this section are
presented sequentially, the reader should bear In m Ind that the actual physical processes they
represent are ntenelated by feedback m echanian s, and therefore, caloulations w ere often
perform ed ieratively.

Table 3 3. Summ ary ofm ethods usaed t© calculate shear velocity and sedin ent transport. * A though all sensors
were used to m ake these caloulations, results from all sensors are notnecessarily presented.

Abbreviation FullName Sysem M ode Basis

Shear V elocity

LOG Logarithm ic profile 1B

RS Reynolds stess 1A ,2A

Sedin ent T ransport

GMR GrantM adsenRouse A l* suspended shear velocity
SCP Spectral cross product A Ii* Suspended sensor

M PM M eyer-Peterand M ullerA 1ix bed shearvelocity
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Bottom Boundary Layer BBL Param eters

Tw o In portantparam eters T bottom boundary layerm odeling, particularly w ith regpectto
sedin ent transport;, are the apparentbotiom roughness Iength, z,. and the shearvelocity, defined asu. =
(t4)°°, where D % the density of seawater (1.025 g an °), and t is the shear stress. Tw o approaches w ere
used © calaulate these param eters In this study. For System 1B W ADM A S) data, velocity profileswere
ibdally estim ated from  Jog-linear regression of the burstaveraged currentm eter velocites the “log-
profile” m ethod) . Two conditionsm ustbe satisfied fora profile to be considered logarithm ic n a
statistically significant sense: first, the conelation coefficient () m ustbe equal to orgreater than 0 994
O ke and Cacchione, 1992); second, the variation in m ean direction betw een currentm etersm ustbe less
than 20° . Shearvelocity and apparentbottom -roughness Jength w ere calaulated for all logarithm ic profiles
using the von K amm an-Prandt] equation :

u @)=u+/? I (z/20c) 314)

where u (z) is the horizontal velocity atheight z above the bed, and ? isvon Kam an’s constant
©04).

The Reynolds stress, or eddy conelation, technique was used to estim ate bottom  boundary
layerparam eters from the ADV data System s 1A and 2A ). The toalhorizontal and vertical

velocities 1 and w) were represented as the sum ofmean (uorw ), perdodic fu, orwy), and
turbulent u’ orw’) com ponents:
u=u +u,+u’ 3 15)

and W=W +Wp+W/' B 16)

which isbased on the assum ption that turbulent and m ean velocities are unconelated atall
frequencies. The turbulent velocity w as isolated by subtracting the periodic W ave-orbital)
velocity com ponent from  the toal-velocity-pow er spectrum G reen, 1992) . To do o, wave
orbital velocity w as defined as the portion of the velocity spectum  Pyy) thatw as coherentw ith
pressure:

P, . (£)=g°U (£)Py, (£) 317)

where P,  isthe wave-driven com ponentof the velocity spectrum and U, is the coherence

betw een pressure and velocity hote that the sam e was done for the vertical, w, com ponent) .

O bviously, this also has the effect of ram oving any tutbulence that is acoherentw ith pressure,
cluding wave-induced secondary flow s. A Tthough such flow s w ere not directly doserved during
this study, they m ay have been presentat certain tim es. How ever, it is assum ed that their
nfluence can be neglected n caloulating shear stress and bed roughness, since these param eters
are based on diffusive, rather than convective processes. W hen m easuram ents are tgken 1n the
constant stress layer, shearvelocity is defined as:

u, =—vu'w' (318)
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Bottom roughness w as calculated by applying these results to Equation 3 14.

The Com bined E ffectof W aves and Currents

Num erous field studies have dem onstrated that the superim position of w aves and currents
enhancesbottom  shear stress and apparentbottom  roughness W dberg and Sm ith, 1983;
Cacchione etal., 1987; Lyne etal,, 1990a; D rake and Cacchine, 1992; Kin etal.,, 1997).W ave-
current Interaction is a highly non-linear and poorty-understood phenom enon, and various
approaches have been applied to m odel it. A ccording to D yerand Souldoy (1988) the follow ng
four categories of m odels are comm only applied 1 com bined w ave and current situations: 1.
Prescribed m ixing-length distribution ; 2 . Prescribed eddy viscosity distdbution ; 3 .M am entum
deficit ntegral; 4 . Tutbulent knetic-energy closure. These m odel categories differ w idely notonly
I theirassum ptions and nputs, butalso i the results they m ay produce. SThce a field com parison
of these m odel-types, not to m ention all available m odels them s=lves, w ould constitute a projct
unto iteelf, the G antM adsen m odel (1979, 1986) wasusad in this sudy, ow Ing to itsw idespread
fam harity and high level of em pirical verification Cacchione etal,, 1987; Lyne etal., 1990a).
A coording to them odel, a wave boundary layer wbl) of thickness @,) develops during w ave
actvity and the velocity profile is defined ssparately w ithtn and above this layeras:

U, U,
u = hZ, z£d, (3 19)
U, z
Eow 2 % where
u,
u = —h->, ztd, 3 20)
k Z

Use aNd Us, are the currents, and com bined w ave-curnrent-induced shearvelocites. z, isthe
roughness produced by the sand grains, defined asD /30, where D is the m ean grain diam eter, and
Zoe 1s the apparentbottom  roughness experienced by the currentabove the w ave boundary layer.
W ave boundary layer thickness is defined by the equation :

dy =N Uk W 321)

where n hasa value of 12, depending upon the reference, and w is the wave radian frequency,
21 /Tp. A pparentbottom  roughness, 7., is usad because the cunent experiences drag due to the
com bined nfluences of physical elem ents (gratn roughness and bed form s) aswellasnon-lnesr
Tnteraction w ith the w ave boundary and m doile bedload layers G rossetal., 1992). Equation
314 wasused to determ Ine Use and 7., and U« was calaulated using an ierative procedure
nvolving the follow Ing equations:

u,,, =u,, 0+2, A, ) cosf+ @, A, )T =4C u,. 3 22)

where Us,, is the wave shearvelocity, £ is the acute angle betw een the waves and the curnrent

fw aves w ere considerad o e bi-directional, thus £ < 90° ), and Cy is a coefficient mitially
assum ed o equalone. A wave friction factor () was then defined through :
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U, =\/aJ £, /2u, 3 23)

1 1 C.u
+ Iog =g —22 -165+0240,/ £, ) 3 24)
4, f, 4, f, B %W 1

where 1, isthem axin um nearbottom orbial velocity perw ave period.

and

The current-induced shearvelocity, Us., was assum ed o act In the sam e direction as the
m ean current, while the direction of uk., W as expected to oscillate during the course of the wave
cycle.W hen the wave orbial velocity wasatam minum  fiear zero) the direction of ux, was the
sam e as thatof the current; when twasatism axinum , fsdirecton (Fua) Wasbetween the
wave and currentdirections, soecified by fm odified from Cacchione etal., 1994):

, snf
Tnax = ——— 3 25)
U
cosf + =
u

O bviously, the direction of us, has in plications for sedin ent trangportw ithin the w ave boundary
layer, which w il e discussed 1n greater detail n a silbsequent section.

Sedin entSuspension, F low Stratification, and Bed A mm oring

Sedin ent trangport occurs when the shear stress (£) exerted by the fluid on grains of size-
classn, exceads the critical shear sress (b)) TequUired t© nitbate sedin entm otdon . Tn practice,
determ nation of the critical shear stress of seabed s=edim ent is prablam atic, as a resultof three
general factors ocutlined by D rake and Cacchione (1986) . First, the grain-size distrbution of shelf
sedim entm ay be quite broad, although this isnot the case forthe study area. Second, the
presence of even a am all fraction of clay-sized ssdin entm ay cause cohesiveness, which ncreases
tacrie - FInally, benthic organism s exerta significant, butpoorly understood, nfluence on the
properties of bed sedin ent. N ot suyprisingly, variousm ethodsm ay be used to determ ne o
under com bined flow s, ncluding the m odified Y alin m ethod, which wasusad in this sudy
follow ing (Lietal., 1996). The Y alin param eter (= ,,) isdefined by:

E=[r,-r)dD’ /rn®1** 3 26)
where D, and D are the densities of sedin ent 2 65 gam ) and seawater (1.025 gan °),D isthe
2 A

grain dizm etey, and < is the kinam atic fluid viscosity (0013 an” s7). The Y alin param eterwas
firstusad to caloulate a critical Shield’s criterion @), and then ty using:

Iogg_, = 0041 (ogZ)® — 0356 10gE — 0 977 3 27)
and
t..=q.. r,—r)gD (3 28)
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C rtical shearvelocity w as then sin ply caloulated by: ey = (tes2)? .An additional param eter to
e usad In this study was the norm alized excess shear stress ©7):

S t(t_t‘m’t] 3 29)
tct:it

where t is the observed chear stess.

The s=din ent suspension profile over a sandy bottom was shown by Lynch etal. 1997) t©
e w ell represented by the standard R ouse equation, even under com bined w ave and current
flow s. This profile is the result of a balance betw een the upw ard-diffisive and dow nw ard-s=ttling
fluxes of sadin ent. It is represented by:

_g.
ku,

C (z) isthe reference concentration atheight z, g is the ratio of the eddy diffusivity of sedin ent
to thatofmon entim  (~1), and wy is the sedin ent 21l velocity . These equations are based on the
som ew hat vaguely defined concsptof a reference concentration of sedin entnearthe bed. The
concentration C (z) is comm only defined by the equation from G lenn and G rant (1987):

C@=C (za)(—) , where  a (3 30)

C@)=C (za)(—z) , where g =2ve 331)

where Cpy is the sedin ent concentratdon in thebed (0 65 forthe sum of all size classes) and @ isan
em pirical constantw ith a value of approxin ately 1.3 x 10™.

Under certan conditons, sugpended sedin entm ay cause the water colum n to becom e
sable-stratified, increasing the vertical velocity gradient, but inhibiting the upw ard diffision of
masandmanentm Sm ih andM dLean, 1977;Adam sand W eatherly, 1981 ; G lenn and G 1ant,
1987;Huntley etal., 1994) . Som e authors have suggested that this phenom enon should be
represented num erically by m odifying von K arm an’s consant @ dam sand W eatherly, 1981 ; Gust
and Southard, 1983) . The m ore com m cn approach, how ever, aswasused 1n this study, is to apply
a stratification correction to the velocity profile based on the predicted sedim ent concentration .

A s suggested by G lenn and G rant (1987), itw as applied only above the w ave boundary layerand
took the form :

uZ:(‘:f )[]n(z/zo)+bz/L] 3 32)

where b isan an pirical aonsantw ith a suggested value of4 .7 G lein and Grant, 1987),and L is
theM onin-O bukhov length scale, defined by:
3
L= e @ 33).
zkg ((r,—r)/r)w C
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Bed am oring occurs when sedim ent In size classesw ith a Iow critical entrainm ent sress is

w Innow ed from  the bed, leaving a higher bed concentration of less-easily-entrained size-fractions.
Thisphenom enon, which serves as a negative feedlback m echanism for sedin ent transgport, has
been dbserved on the Tmer shelf during high-suspension events such as stom s Lyne etal,,
1990b; W doerg etal., 1994). Ispossble effectw as included in the analysis by ncorporating the
m xing-depth Iim #aton (d, ») suggested by G reen etal. (1990):

dix=25S"/ltsr)g @ 34)

Sedin entTransport

Sugpended s=edim ent transport is represented m athem atically by tim e- and depth -
Ttegrating the product of the horizontal velocity and sugpended sedim entconcentration .A s
sim ple asthism ay seam |, itisa very com plex prablem n com bined-flow regin es, ow Ing to phase
differences n velocity and concentration, and the possible occurrence of secondary flow s
nclding epcted vortices @ graw aland A ubrey, 1992 ; O doome and G reenw ood, 1993 ; D avies,
1995).A sa reqult, the tim e-scale chosen for this integration procedure is of great in portance. n
fact, O soome and V incent (1996) ndicated thatnotonly m ay the m agnitude of transgport vary on
the basis of averaging period, but In som e cases the direction m ay e com pletely reversed .On the
otherhand, the use of InsEntanecus m easuram ents is problam atic, since the tim e scales of
velocity- and sugpended-sedin entprofile developm entare different © avidson etal., 1993).Lesht
(1979) and Shauer (1987), forexam ple, recom m end scales of severalm nutes forthe
establishm ent of logarithm ic velocity profiles. A s such, tw o approaches w ere em ployed 1n this
study, the firstbasad on tim e-averaged values and the second on Insentanecus field
m easurem ents.

The first technique, which w as earlier labeled the GM R approach, was to m ultiply the
burstaveraged velocity and concentration profiles as caloulated on the basis of the shearvelocity.
This approach has often been em ployed n w ave-dom hated environm ents g.V Incentetal,,
1983;Kin etal, 1996) degoite the fact that itassum es tem porally-uniform values, a conditon
thatm ay notbe satisfied during unsteady oscillatory flow . The profiles w ere integrated both
w ithin and above the w ave boundary layerusing:

1 z=h

Q.=- ,uC, dzat for z>d, 3 35)
tz=dw
1Z=dw

Q.=- ,uC,dzdt for z<d, 3 36)
tz=zn

where h is the sea surface elevation .

The crossproduct of nstentanecus values (ie. every 0.04 sor 0 25s) of velocity and
concentration from Systam g1 and 2A were also used to calaulate sugpended sedin ent transport.
Thishad the advantage of accounting for tim e~varying effects of waves on the sedim ent
Sugpension and velocity profiles as w ell as allow Ing transport to e analyzed according t©
frequency com ponents. H ow ever, quantitative assesan entsw ere m ade less reliable since twas
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necessary to assum e (very sim plistically) thatthe m ean ssdin ent concentration and flow velocity
throughout the w ater colum n w ere equal to the burstaveraged valuesm easured at the sensor.
Bed load transportmate Q) was caloulated by using the com bined w ave-cunent shear sress as
an input the an pirical form ula of M eyer-Peterand M uller (1948) asadapted by W toerg etal.
(1994):

The direction ofbedload trangport under the com bined flow of waves and currents isas
yetan hadequately resolved issue. Cacchione etal. (1994) assum ed thatbedload transgportw ould
occur In sam e direction as thatofthem axinum shear stress (Jna) withtn the wbl A Tthough this
seem s to be a som ew hat sim plistic assum ption since the direction of stressm ay vary up to 180°
over the course of a wave cycle, these w orkers w ere able © reasonably representobserved trends
ofbed form m igration.A s such, thism ethod was adopted for this study .

A w ide variety of m ethods have been presented 1n this section, m any of which involve
In portantassum ptions that have notnecessarily been well tested In the field . A Tl have a solid
grounding In the literature, how ever, and asw illbe apparent In later sections, the trends they
produce are sin ilar 1 m ost Insgtances. N cnetheless, the choice of the m ost relisble m ethod m ust,
to som e degres, be left to the discretion of the reader.
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4. M ETEOROLOGICAL CONDITIONSDURING THE DEPLOYM ENTS

C lassification System s for M eteorological Events

O ne dbective of this profctw as to differentiate betw een variousm eteorological
conditions that ocoured during the study period and to associate these w ith hydrodynam ic,
bottom boundary layerand sedin entary responses. Tk isuseful, therefore, to esablish a
classification system by which to characterize atm ospheric conditions, specifically those related t©
w Inter extratropical stomm s and fairw eather in the northem Gulf of M exico.Num erous
classification schem eshave been proposed to categorize atm ogpheric conditions in a variety of
environm ents— how ever, since m eteorological processes are nherently com plicated, these are of
necessity based on criteria that suita partcular purpose. D gpending on the requirem entsofa
soecific sudy, forexam ple, a classification schem em ay be lbased on local atm ospheric
m easuram ents, on synoptic or global-scale atm ogpheric ciraulation, oron the effectof
atm ospheric forcing on som e aspect of the physical orhum an environm ent. The system em ployed
1 thisprojctw as ultn ately designed to differentiate between : 1 fairw eatherand stom
conditions; 2 different phases of extratropical storm s; 3 . extratropical stomm s of different
Tntensities and synoptic types. A s such, itdraw s upon ssveral classification systam s suggested In
the literature, aswell as criteria gpecific to the research, and em ploys both hourly w Ind velocity
data and daily nationalw eatherm gps.

Storm m agnitide scales, such as the Saffir-Sin pson scale for hurricanes and the Fujia
scale for tomadoes, are a fatrly sin ple and fam ihiar type of m eteorological classification systam
basad largely on w ind speed and barom etric pressure. A though m agnitude scales for extratropical
storm s are som ew hat less fam iliar, several have been proposad. O ne exam ple is the N ortheast
storm scale of Halssy (1986), who ranked storm s In the A tlantic qualiatively, on the basis of their
effect (dam age potential) on coas@lbeaches.M ore recently, D olan and D avis (1992a, 1992b)
suggested a scale for A tlantic coastN ortheast storm s (N or'easters) thatw as also based on coasal
dam age potential, but ncluded, n addition, a quanttative index of stomm pow er calaulated using
the square of the significantw ave height tim es the duration of the storm .Hsu (1993) proposed a
classification system for extratropical cyclones n the Gulf of M exico. This scale isbased on the
m ninum central pressure of a G ulf cyclone and the pradicted m axin um w Ind gpeed, and is thus
m ore findam ental than the scales proposad for A tlantic stom s. Chaney (1999) used a sinple
m easure of m agnitude for Gulf Coast storm s known as the V. square value, which isbased on the
sum of the squares of the hourly w ind velocity during a stomm  event, thus lncorporating the
nfluence of both stom w Ind duration and gpeed.

Synoptic-scale classification systam shave also been applied to the m etecrology of the
northem GulfofM exico.Notably, M uller (1977) sidodivided New O rleansw eather nto eight
synoptic types that mclided both storm sand fairweather. Robertsetal. (1987) identified two
end m em ber types of extratropical storm s In coasal Louisiana : the m grating cyclone,
characterized by the passage of a cold frontaligned dblique to the coast, and the arctic surge, In
which a front is aligned parallel to the coast. Chaney (1999) subdivided characteristic synoptic

33



w eather pattems responsible for extratropical stomm s over the northemn G ulf of M exico nito seven
categories: 1) Prin ary Front ) 2) Secondary Front (S) 3) Secondary G ulf Front SG) 4)
Secondary GulfLow SL) 5) GulfFront GF) 6) GulfLow GL) and 7) Prmary Low (PL).The
first tw o of these w ere found to account for approxin ately 90% of storm  activity along the
northem GulfofM exico.

The “cold frontcycle” has com m only been used o characterize the sequence of events
that acocom panies a “ypical” extratropical storm passage eg.Robertsetal., 1987; Roberts etal,
1989; Am brusteretal., 1997; Chaney, 1999) . lhibally a pre-frontal phase ocours during which,
strong, wam , m oistw Indsblow from the southerly quadrant. The ensuing frontalphase is
characterized by a sudden drop In afrpressure, enatic w Inds, and short-lived, but occasionally
tenee, squalls. Finally, a postfrontal phase ocaurs, during w hich tem perature and hum idity drop,
airpressure rises, and w inds are strong and northw esterly to northeasterly . Tt should be noted,
how ever, that this sequence, although considerad typical, exhibits considerable variability. This
w Il becom e apparent In the discussion of the data fiom  this study'.

AnalysisofM eteorological EventsDuring the D eploym ent

A spects from  several of the sources discussed above w ere used to characterize
extratropical stomm s during the study period . Since w ind velocity is a critical m eteorological
variable In coastal systam s, the onsetof storm  conditions w as considered to occurwhen a
threshold w Ind speed w as exceaded . The value assigned to this threshold was 74 m s', which
w as equal to one standard deviation above the m ean gpeed for the study period . The end of the
storm w as dentified as the hour thatw Ind goeeds f£11, and subsequently rem ained, below the
threshold for six hours orm ore. W Ind direction w as also analyzed to dentify phases of
extratropical storm  passages that corresponded o the cold front cycle described 1 the previcus
paragraph . Pre-frontal stom w inds w ere defined as those thatblew from a direction between 90
and 270° and appeared, from w eatherm aps, to occur prior to a cold frontpassage. The post-
frontalphase ncluded the period sibsequent to the frontal passage when storm w indsblew from a
direction betw een 270 and 90°. A Tl otherw ind conditions w ere considered fairw eather.
Furthemm ore, stom sw ere classified on the basis of ntensity and synoptic characteristics
according to several of the classification system s discussed earlier.

M eteorological Sum m ary of the D eploym ent

W ind speed during the deploym entaveraged 4 8 m s* and had am ean direction tow axd
the Southw est (228°) . It is in portant to note that the oceanographic and not the m eteorological
convention isused forw ind direction 1 this projct; thus, the sated direction indicates the
direction toward which the w ind wasblow ng. Hourly w ind gpeed and direction forthe
deploym entperiod are shown in Figs. 4 1 and 4 2. These figures clearly dam onsrate the Increases
T w Ind speed characteristic of extratropical storm s, aswell as the clockw ise rotation of w ind
direction during theirpassage.

Spectral analysis of the w ind gpeed over the 61 -day deploym entperiod show sa
statistically significantpesk In energy ata frequency of roughly every five days, or approxin ately
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the sam e as that of extratropical stovm passages Fig 4 3) . This suggests that extratropical storm s
w ere regponsible form ostof the variability n w ind goeed during this tim e, a result consigtentw ith
otherpublished ressarch for the northem GulfofM exico eg.Chuang and W issm an, 1983).
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Figure4 1. W ind speed during the deploym entperiod. The tim e of the cold firontpassages associated w ith
extratropical stom s is indicated by black arrow s.
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Figure 4 2. Featherplotofhourly w ind vectors during the deploym ent.

35



A cocording o the quantiative definiton cutlined previously, nine storm s occurred during
the 61-day deploym ent, a frequency of one every 6 8 days.M ean w ind gpeed and direction w ere
81m s’ and 174°during som sand 3.8 m s and 293° during fafrw eather. On the whole,
therefore, storm s during the period w ere characterized by srong w inds blow Ing tow ard. the south,
while them ean w Ind direction during fairw eatherw asw esterly.

period day)

-~
r

A8 f .-' Dj
"L- ﬁ'b"lrﬁ’\ﬁ’\ ’\ 0 Qﬁﬁﬁﬁﬁﬁﬁﬁ Qﬁﬁhﬁréﬁéﬁﬁﬁﬁﬁéﬁ ‘3) ‘3)

140
120 —_—

A ci

80
60 7
40 7

20 7

0 T T T T T T T T T T T T T T T T T T T T

g NAdAdNaddddddd e d N ddAd

QQQQQQ*\*\K*\*\@’L’L’L’L%”{J%%”{J”{J

Peak Perbd = 53 days — |

Power

frequency (yclesday)

Figure 4 3. Power spectrum of w ind speed during the deploym ent. C I. represents the 90%  confidence nterval.

C lassification of the stom s that occurrad during this study, using the described previously,
isshown I Table 4 1. Several results are evident. First, analysis of the synoptic types associated
w ih storm s dicates that the m ajprity of cold fronts affecting the coastw ere aligned cblique to it
(ie.them grating cyclone of Rdberts, etal., 1989). Six of the nine storm sw ere classified as the
Prim ary front type described by Chaney (1999), while an additional tw o w ere of the Secondary
Front type. D egpite the sequence of atm ospheric events that “ypically” accom pany cold front
passages, soong, w nds did notoffen blow tow ard the north during this study, and as such, only
tw o storm s w ere considered to have a notable pre-frontal phase atall. On the otherhand, all
storm shad a m arked postfrontal phase during which stong w indsblew from north to south.

C Jearly, there w as considerable variation In the Intensity of storm  events, w ith m axim um
w Ind speeds varying by asm uch as a factorof two, Pow erV varying by nearty an order of
m agniude and D olan and D avis values ranging by m ore than tw o orders of m agnitude. Stomm s3
and 5 were particularly weak, while Storm s 2, 4, 7, and 9, and egpecially, Stom 6, were
energetic. This isan in portant factor to bear n m Ind, since itw e dam onsrated n later
sections that the relative strength of stom s is a key elem ent n determ Ining their nfluence on the
m arne environm ent.
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Table4 1. Classification of storm s during the deploym enton the basis of the m ethods discussed . Tn a1l
cases, rank isbasad on a fivepoint scale.

M onth/ M aximum M aximum Type Doln
Stom  Day- Velocity Veloclty (Chaney, V° hms')Hsu & Davis

Number hour Owrientation (south) fnorth) 1999) Rank] Rank [Rank] Stages
128-

1 18 Oblique 53 110 P 24022] 2 < 18[] Post
12/12-

2 17 Perp. 58 105 SG 4106 3] 1 < 31[] Post
12/47-

3 13 Oblique 61 91 P 774 [1] 1 1[0] Post
1222~

4 14 Oblique 82 138 P 4779B] 2 < 40[] Post
12/29-

5 12 Pamalel 75 85 S 1224[1] 1 3[0] Post

6 1222 Perp. 115 14 5 S 57124] 2 52[0] AL

7  1/-12 Obligu 58 151 P 33923] 3 27[] Post
1/44-

8 20 Oblique 63 9.7 P 852 [1] 1 8[] Post
13-

9 13 Perp. 100 10.7 p 3616 3] 1 178B] ALl

ATl - = 74 114 - 2984 - 40 -

A coording to both the D olan and D avis and H su scales, stom s that occurred during this
study tended to be wesk w ith only one Rank 3 event tgking place during the deploym ent in each
case (Table 4 1). There are several reasns forthis.M agnitide of the D olan and D avis scalewas
basad on m easured wave height in the A tlantic, which would presum ably be m uch greater than n
the Gulf of M exico as a result of regional oceanographic aonsiderations. TheHsu scalewas
based on them axdm um w ind speed calculated from the low est central pressure of a Low 1n the
GulfofM exico, whereas this sudy em ploys the m axim um w ind spesd ata particular location .

C Jearly, site-specific w ind m easurem ents w ould be low erunless the Low passed directly over the
study area.

The PowerV rating Chaney, 1999) appears to have been the m ostussfuil representation
of stom Intensity forpresent purposes. Unlike the system used 1n this study, how ever, where a
value of one standard deviation above them ean wasused to define storm s, Chaney inclided all
w Inds that exceeded the m ean . A ccording to this classification, three storm swereweak Rank 1),
five were m oderate to significant Rank 2-3), while only Storm 6 was ssvere Rank 4). These
results should be noted by the reader, since PowerV classificationsw illbe often referenced
during later sections of this project to differentiate betw een the stom s that occurred during the

deploym ent.
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5.HYDRODYNAM ICS,BOTTOM BOUNDARY LAYER PARAM ETERS
AND SEDIM ENT TRANSPORT DURING
THE ENTIRE DEPLOYM ENT PERIOD :
TIM E-AND FREQUENCY-DOM AIN ANALYSIS
AND OVERALL SUMM ARY

Introduction

Long-term m easuram ents In the bottom  boundary layer of inner shelves are fairly rare, and
published results are often confined t© a single stom . Furtherm ore, as discussed previously, the
only research conducted 1 coastal Liouisiana thatem ployed a sim ilarm ethodology to the present
study consisted of two sum m er deploym ents devoid of appreciable stom activity W rightetal,
1997).Thus, an In portant dopctive of this research is to sum m arize prevailing w nter
hydrodynam ic, bottom boundary layer, and sedin ent trangportpattems In the region, thushelping
to est@blish a “clim ate” fiom which regularitiesm ay be drawn 1 the future. This section will
therefore focus on the results of the entdire deploym entby m eans of general sum m aries, aswellas
tim e-series and spectral (frequency dom ain) representations. A though the connection betw een
atm ospheric forcing m echanism s and m arine and sedim entary processes w illbecom e evident,

m ore detailed representations of these linkages are resevved for later sections.

InitalC onsiderations: Field O bservations

D ivers characterized the bed at the field sites as being largely free ofbed form s during
both the en placem entand retrieval stages of the deploym ent. W hile they did reportbed
Tregularities w ith an estim ated height of 1 an  during the em placam entphase, these were
apparently localized, non-periodic, and w ere thus not likely the result of organized w ave or
currentactivity . Unfortimately, itw as unrealistic for divers to m onitor the bed throughout the
duration of the deploym ent, ow Tng to dbvious logistical, financial, and, m ost in portantly,
environm ental lim ations. V ideo cam era surveillance w as also in possble as a result of extram ely
poor visibility . Therefore, the assum ption adopted during this propct is that the bed at the study
sitesw as essentially flat {e. free ofbed form s), unless data from bed level sensors suggest=d
otherw ise.

The nidal trip to the field sites to retreve all nstrum entatbion occurred on January 12,
1999.D iver recognizance revealed thatall systam s, which had nitaTl rested on the bed, were
Suom erged beneath at least 20 an of sedin ent, In peding their safe retum t© the research vessel
Only System 2A , located at the nearshore site and sulom erged o a lesserextent than the two
offshore systam s, was retrieved thatday . Several subsequent attem pts w ere m ade o recover the
system satSie 1, and eventually, on February 2, 1999, both w ere successfilly retrieved .. The
sedin entary m aterial overlying the instrum entation upon recovery w as fine sand, sin flarto typical
bed s=din ent In the study area. A lthough the cause of the burial of the system swasunclearatthe
tim e, tw o hypotheses w ere considered for further investigation : 1) overlying deposition of
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sedim ent (ie.bed level increase) ; or 2) scouring or sinkage of the mstrum ents Into thebed {e.
sensor level decrease) .
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Figure 51. Bed elevation and water level (an oothed using a 24 -h m oving average w indow ), asm easured by
System 1B during the deploym ent. Storm s are Indicated w ith black arvow s, asw illbe the case In
subsequent figures.

Recorded data from all system sw ere used to Investigate these hypotheses. Since results
from all system swere sin ilar, data from only System 1B, specifically, bed level (elative to the
sonar altim eter) and waterdepth (o the pressure sensor) w il be considered in this section. Tine
series of these data are shown in Fig.5 1. One in portant, butprobably safe, assum ption that
should be noted w as that the Instrum entation system m oved as a contiguous unit (ie. tdid not
w arp orbend), and thus the relative Jocation of the sensors w as constant. A though large short
term -fluctuations which w illbe discussed Jater) are evident in the tim e series of bed level, overall,
it corroborates the field dbservations, Indicating a total increase of approxin ately 20 an during
the deploym ent. Unforimately, this trend is notparticularly enlightening by itself since itcould be
a resultof either hypothesized m echanisn . Specifically, deposition of sedim entw ould cause the
bed tom ove closer to the (fixed) sensor, w hereas dow nw ard m otion of the entire mstum ent
through snkage or scourw ould cause the sensorto m ove closer to the (fixed) bed.

How evey, the pressure gauge also enabled the disance from the system t© the sea surface
to be quantified . There isno reason t© believe that the w ater level at the site Increased overthe
aourse of the deploym ent, beyond cbvious shortterm fluctuations due to tides and w ind forcing.
This is supported by NOAA data from Grand Isle GD IL1), which ndicated little change n water
level betw een the beginning and end of the deploym entperiod for the ressarch . The tim e sevies of
24-hmoving average w ater level at System 1B, how ever, did indicate a 20-an  increase during the
pericd, and w as srikingly sin {larto the tim e-series of bed level. Therefore, when the sum of the
depth t© the sensorand the distance from the sensorto thebed (ie. the alwater depth) was
considered,, no apprecisble Iong-temm trend over the course of the deploym entw as evident
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Fig52).Thus, itwould appear that there w as probably no appreciable Iong-temm change 1 bed
level at the gites, but nstead, a downw ard digplacam entof the msum ents relbtive to . A 1L
caloulations of w ater level or total depth w ere therefore corrected for the nfluence of
deploym ent-length Instrum ent level change.
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Figure 52. Toalwaterdepth (© the bed) m easured hourly and em cothed using a 24-h m oving average w Indow as
m easured by System 1B.

Tw o possible causes for the dow nw ard digplacam entof the Instrum ents w ere suggested
previously: n-place sinkage; and scouring and in m ediate re-deposition of sedin entaround the
stum ents’ bases, lkely as a result of energetic w ave-orbital currents. The second of these
possibilites is farm ore lkely, for tw o reasons. First, sihkage appears som ew hat In plausible, since
the fram es of the system swere w de and stable and the seabed 1 the study area was flatand
sandy . Seaond, the verticalm otdon of the nsrum ents w as highly episodic, suggesting the
In portance of forcing m echanian s thatvary considerably over tim e, such as hydrodynam ic
processes. Sinkage, draven essentially by the constant foroe of gravity, w ould be expected to be
relatively seady over tim e. Tkappears, therefore, that scourw as an In portant factor around the
bases of the Instrum ents. H ow ever, it is In portant to pointout that flow m odification and scour
doesnotappear W ith a few excsptions to be noted) to have mfluenced the sensors them selves,
w hich were ssparated by tens of centim eters from  the heaviest, m ost-intrustive, parts of the
nstum ent fram es.

A snoted previously, shorttem fluctuations of the bed level, both up and down, appear In
the deploym ent record.. Unlke episodic deposition of sedin ent, which can be Interpreted from the
data rrcord as eitherbed or Instrum ent digplacem ent, decreases In bed elevation are less
am biguous to nterpret shce sadin ent cannotplausibly accum ulate under the bases of
nstrum entation system s. Low rates of episodic bed erosion m usthave ocourred locally beneath
the bed s=nsors. Ttappears, therefore, that 1 addition to the m ovem entof the system s
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them s=lves, shortterm bed fluctuations in bed level caused by erosion and accretion occurred
during the deploym ent, suggesting that sedim entary processes during the w Inter are quite dynam ic
atthese sites.

H ydrodynam ics

An overall sum m ary of hydrodynam ic param eters for the entire deploym ent is shown In
Table 5 1. In portantponts to note nclide the toaldepth, which was1 52 m desper offshore
Sie 1) than nearshore Site 2), and the depth range, which was slightly m ore than 1 m atboth
sites. Significantw ave height and w ave orbial velocity w ere higherat Site 1 than atSie 2, by 36
and 18 % , regectively, which is consisentw ith the expectation thatw aves crossing Ship Shoal
are attenuated as a result of depth-lin ited energy dissipation . W ave period w as also higherat the
offshore gite, which likely reflects the reduced In portance of northw ard-propagating long-period
sw ellw aves, also due to attenuation, relative t© locally generated sea.

Table 51. Summ ary of hydrodynam ic param eters recorded by the system s throughout the deploym ent. Tt should be
noted (@s discussed previously) that the final recording dates of the Instrum ents w ere different and that
the sensorson System 1A were buried for several hours during the deploym ent.

Sie1 Sie 2
Location (© f=hore) (N earshore)
System Statstic 1A ADV) |1B WADMAS) 2A @ADV)
TotalDepth M) M esn 838 90 73
M Tninum 82 84 6.7
M axin um 92 95 78
Hs @) M esn nA 061 045
M Tniinum nA 0.07 010
M axin um nA 280 153
Tp ©) M ean nAa 53 50
M Tniinum nA 36 36
M axin um nA 91 91
0 1bimlV elocity M esn 117 106 99
m %) M Tninum 26 08 00
M axin um 359 531 365
Current Speed M ean 58 46 63
m %) M Tninum 01 01 00
(~03m above
bed) M axin um 44 8 342 476
Current Speed M ean 12 4 8.0 139
m %) M Tninum 01 01 00
(~1m above bed) M axin um 72 4 532 623
CurrentD irection M esn 245 240 292
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h contrast to the som ew hat predictable differences in w ave param eters betw een sites,
currentvelocity differences, while equally evident, w ere less expected and In som e senses, less
explicable. Ihiterestingly, for exam ple, the inter-site com parison in w ave energy described above
was reversed In the case of curent energy, w ith m ean current gpeed being approxin ately 10%
higheratSie 2 fearshore) than Siel (offshore). Currentdirection had a sbong w esterly
com ponentatboth sites, which is consisentw ith general trends suggested in previous research .
M ore notably, how ever, the across shelf com ponentw as seaw ard at the offshore site and
landw ard at the nearshore site Fig 5 3) . STnce the tw o sites are ssparated by only a few
kdlom eters and are thus Influenced by nearly equivalentatm ogpheric and tidal forcing m echanian s,
thisw as apparently the resultof flow m odulation by the bathym etry associated w ith Ship Shoal.
The rmasms for this are notentirely clear, although one likely possibility is thatw estw ard flow Ing
currents are steered dow nslope by gravity when they encounter the shallow shoal, thus resulting
1 an onshore flow t© the north and an offshore flow to the south . Unfortumately, it is difficultto
verify the cause of the dbserved behavior from the available data set, although prelin nary results
from am ore recent deploym ent that included an nstrum ent located In the centerof the shoal
suggest that this Interpretation is correct. N onetheless, it is clear that Ship Shoalexerts a
m easurable nfluence on m ean current flow that requires further quantification .
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Figure 5 3. A cross-chelf current flow during the deploym entatSites1 and 2 @t~20 an above the bed) as
m easured by System s 1A and 2A .

O bviously, Ship Shoalhasan in portanteffecton regional hydrodynam ics, an influence
that ispresum ably also significanton any Imer shelf that nclides subm erged sand bodies orother
prom nentbathym etric features. Furtherm ore, thishas In portant i plications for bottom
boundary layerdynam ics and s=din ent transgporton the south-central Louisiana imer shelf, a
pontthatw illbe discussed further in subsequent sections of thisproject. Tin e-series plots clearty
Tustrate the in portance of stomm s In generating episodic ncreases n hydrodynam ic energy, as
w ell as the differences in hydrodynam ic response betw een the study sites. Figures54 and 55
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show w ave param eters at the offshore and nearshore sites, highlighting not only the differences
betw een stomm s and fairw eather, butalso the changes in w ave characteristics caused by Ship
Shoal.
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Figure 5 4. Significantwave height Hs) atSie 1 and Sie 2.
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Figure 55. Peak wave period (I'p) atSie 1 and Sie 2.
Figures 5 6 and 5.7 {llustrate m ean currentand wave orbital speed atSites 1 and 2,

regectively, revealing several regularities. First, dram atic Tncreases Tn both m ean and w ave-driven
flow tended t© accom pany stom s, particularly during Storm 6. Second, although m ean and
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orbial current speeds w ere sin {lar overall, each attaned a relatively higher level at Three peaks n
w ave height are particularly notew orthy, tw 0 associated w ith Storm s 6 and 9, respectively, and
the other occourring during the fairty brief nterval betw een Storm s3 and 4 (it should be noted that
later sections w i1l dem onstrate that Stom 4 was responsible for the m ajprity of the dbserved
regoonse, and as such, this intervalw llbe referred to as Stom 4 for the ram ainder of this

section) . Significantw ave height during these storm sw as several tim es them ean fairw eather
value and was clearly higheratSie 1 (offshore) than atSie 2 (earshore), supporting the
conclusion that Ship Shoal is regponsible form easurable w ave energy attenuation . Trends n peak
w ave period are notespecially clear from the tim e series, although itappears to have fluctuated n
a tam porally sin ilarm anneratthe two sites. A s such, itw illbe considered further n later
sections. different tin es during the deploym ent, apparently as a result of m eteorological forcing

m echanian s. Forexam ple, while w ave orbial flow sw ere dom nantatboth sites during Stomm 4,
com paratively srongerm ean currents acoom panied Stomm 6. The situation therefore contrasts
both w ith surf zones, where orbital flow s are nearly alw ays dom nant, and cuter continental
shelves, where m ean currents are expected to be m uch m ore in portant than orbial flow s. This
highlights the uncertainty inherent in the study of sedin ent transport on the Inmmer continental shelf,
since either of these hydrodynam ic forcing m echanism sm ay dom nate depending on a com plex
Tnteraction of a variety of geographical and oceanographic factors. The near parity betw een these
hydrodynam icm echanian s also has clear In plications for sedin ent suspension, which is thought
to be closely related to w ave orbital flow , and suspended sedin ent transport, which, requires the
presence ofam ean current (n additon, of course, to the presence of sugpended sedin ent) .
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Figure56. Flow speed ofmean Ua) and orbital Ub) cunentsatSie 1.
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Figure5.7. Flow speed ofmean Ua) and orbial Ub) cunentsatSie 2.

Frequency-dam ain analysis show s the In portant tin e-scales overw hich across-chelfm ean
currents fluctuated . Figure 5 8 is a goectral plotof current gpeaed during the deploym ent. Several
statistically significant pesks are evident. The highest (ie.m ostenergetic) peak is ata period of
5 3-10.7 days, which reflects the in portance of quasi-periodic extratropical storm passages n
generating currents 1n the area. The nexthighest peak occurs ata period of approxin ately 24
hours, fTlustrating the mfluence of dumal tides, and possibly hertial currents, a phenom enon that
w Il be discussed In m ore detail in subsequent sections. A m norpesk is also evidentat 12 hours,
equivalent to thatof the Imar tide, which isknown to bem uch less in portant than the diumal
tidal signal, given the diumal tidal regin e In the area.
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Figure 5.8. Specttum of cunrent speed atSie 1.
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Figure 5 9 isa vectorplot of neared currentvelocity at Site 1. A lthough the figures
clearly indicate that currents rotated during the deploym ent, the expected tim e-scales of 5-10
days, reflecting the influence of extratropical storm s, and 24 hours, Indicating the presence of tidal
currents, are difficult to visualize. On the otherhand, detailed ingoection of the figures suggests
thatw Ind and nearbottom currentgenerally m oved in the sam e direction, presum ably asa result
of directw ind stress on the water colum nn.. This is supported by cross-spectral analysis. Figure
5 10 show s thata satsdcally-sign ificant, positive, peak betw een across-chelfw inds and currents
was presentatperiods of 5-10 days (the extratropical stom band) while the phase spectrum
dicates that there w as little orno phase difference betw een these variables Fig.511). Th other
w ords, northerly w Inds w ere concidentw ith northerly currents, and southerly w ndswere
coincidentw ith southerly currents, w ith extratropical storm s providing the m ajpr energy nput.
The sam e relationship appears to be true of along-shelf w nds and along-chelf currents, although
the cross-spectrum  w as not satistically significant overm ost frequencies. C ross-gpectra of w Inds
and currents at 90° to each other did suggestpossible Ekm an effects at storm  frequencies farther
outon the shelf, how ever these results w ere not statistically significant.

storm
123 4 35 6 7 8 9

current speed (cm/s)

13 26 39 52 63
day of deployment

Figure 59. Vectorplotofm ean currentdirection at Site 1 during the deploym ent.

These results are som ew hatpuzzling snce m ost research, as discussed previously,

ndicates that onshore storm w inds nomm ally generate coasal set-up which causes downw elling
(offshore) m ean flow snear the bottom , while the reverse is true for offshore w Inds. C learly, on
the basis of m ass conservation and an In penetrable coastalboundary, either retum bottom  flow or
Spatially~variable along-chelf flow are necessary if across-shelf curnents are to flow In the same
direction foran extended period of tim e. lertial currents, which resultwhen a w ind blow ng
steadily In one direction osases (Pond and Pickard, 1983), are a possible explanation for the
dbserved behavior. Such curnents continue to flow despite the rem ovalofa forcing m echanian
w ith thefr direction and tensity m odified by C oriolis foroe and friction . D addio (1977) sated
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thathis sudy site n south-central Louisiana w as sufficiently far from the coast 05 km ) forthe
effect of s=a surface slope (1e. setup) © be negligible. Instead, C orolis-driven hertial cunents,
which rotated clockw ise w ith a period of approxin ately 24 h, accom panied frontalpassages. This
effectw as enhanced where sudden ram oval of onshore w Ind foreing released sea surface setup . Tt
ispossible that the nearbottom currentsm easured In the present sudy w ere at leastpartially the
resultof this effect, and notexclusively a product of directw Ind forcing . Unfortimately, the lack
of on-site w Ind data prechide a m ore detailed analysis of causalm echanisn s.D egpite this, the
sequence of m ean flow pattermns that accom panied extratropical storm passages w as distinctive,
and has clear in plications for nner-chelf ssdm ent transport.
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Bottom Boundary Layer Param eters

A soutlined previously, severalm ethods w ere used to caloulate bottom boundary layer
paranm eters, depending at least partially on the nstrum entation used. Tn this case, results from  the
Reynolds Stress RS) m ethod are shown . A though the values com puted using thism ethod are
prabably higherthan those derived using otherm eans, m agnitides during stom and fairw eather
conditions and betw een sites are usefiil for com parative purposes.

N ot surprisingly, episodic ncreases n cunrent- and w ave-current shear velocity w ere
associated w ith storm activity Figs. 512 and 5 13) . Shearvelocity w as particularly high during
the period of srong w ave-orbital flow betwesn Storm s3 and 4, aswellas during Storm 6, when
m ean flow sw ere particularly soong. The nterval of very high shearvelocity that acoom panied
Storm 8 is som ew hatdifficult to explain, how ever, given thatneitherm ean nor orbial cunrents
w ere egpecially srong . A s discussed previously, how ever, shearvelocity is a com plex param eter
that is related notonly t© the flow , butalso t© non-lnearw ave and current nteracton, physical
bottom  roughness and sedin ent transport. Tt isnotable, in Iight of these considerations, that
Stom 8 was, In fact, characterized by a particularly high apparentbottom  roughness value, which
oould acoount for the high shearvelocity values. T rends In otherbottom boundary layer
param eters, such asbottom  roughness, drag coefficientand w ave friction factorw ere
unforumately not particularly clear from tin e series representations. A s such, their discussion is
reserved for later sections.
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Figure 512. Currentand com bined w ave-current shear velocity asm easured at Sie 1.
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Figure 513. Currentand com bined w ave-current shear velocity asm easured at Sie 2.
Sedin ent Suspension and T rangport

Sugpended s=din ent concentration ateach site is shown 1 Figs. 514 and 515. kisclear
that sedim ent sugpension w as gpisodic, and ncreased dram atically as a result of extratropical
storm influences.AtSie 1, Stom 4 and, to a lesserdegres, Stom 6, had the highestm easured
concentrations, while at Site 2, them axin um concentration clearly occuned during Stom 6.

M axinum concentrationsw ere slightly higher at the offshore than the nearshore location, possibly
as a resultof the higherw aves that occurred there during the m ajprity of the deploym ent.
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Figure 5 14. Suspended sedim ent concentration atSite 1 System 14).
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Figure 515. Suspended sedin ent concentration atSite 2 Systam 2A4).

Sedin ent trangportw as episodic and stom -driven atboth locations and in both the
across-shore and along-shore directions Figs.516-5 19) . Enhancem entdue to stom swasm uch
m ore dram atic than for hydrodynam ic param eters or shear velocity, for tw o reasons: first,
sedim ent sugpension is subpctto a threshold value, below which transport is zero; and second,
sedim ent trangport, depending on how it is caloulated, is silbpctto a pow er law , such that
hcreases I flow velocity Jead to exponential increases n transgport.
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Figure 5 16. A cross<helf longshore sedim ent trangport for Site 2 as predicted using the GM R m ethod.
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Figure 518. A cross<helf crossshore sedin ent tansport for Site 1 Systam 1A ) aspredicted using the GM R



18-320
45-4at
y2-4at

R

g-Jan
g-Jan
a-yan
30-D8¢

A A

71-08¢

24-0%¢

21-08¢

18-D8¢

3
)

25-Det
12-D8¢
o-DeC
-0e"
3-De
30-NoY

o

~A
A A A A

East
W est

T
™

[ o

L0
—

T T
o L0 (@) 5 o L0
= oo

(s/w9/6) Jodsuedy Juswp

Figure 519. A long-chelf Iongshore sedin entttansport for Sie 1 System 1A ) as predicted using the GM R
m ethod.

48-J8"

15-J8"
42-48"

suspended ||
A

bed
@
[ 4
w
=]

T
s3]
3
[+
W
=

— A stom

A,
A
T
9
[
]
=2

w
<Q

3

(8]

A

PR
24-0%°
) il
\g-De¢
15-0e¢
12-0ec
g-Dec
g-0e’
3-Dev
=

A A A A

East

L .N.P\ZDL

T 1 T
o O O O O O O o o
= © S " HqQ T

30

o O
n <

(s/w9/b) y1odsue.l Juswiips

Figure 5 20. Longshore long-shelfbed and suspended load sedin enttransport forSite 1 System 1A ) aspredicted
using theM PM and SCC m ethods (respectively) .
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predicted using theM PM and SCC m ethods (regpectively) .
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M PM and SCC m ethods (regpectively) .
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Figure 5 23. Longshore along-shelfbed load and suspended load transgport for Site 2, as pradicted using the M PM
and SCC m ethods @espectvely) .

Fourhigh s=din ent trangportevents are notzble from Figs.516-5 23, which show
transport as predicted using the G rantM adssn-Rouse GM R), M eyer-Peterand M uller M PM ),
and steady current concentration (SCC) m ethods. R esults predicted using otherm ethodsw ere
sim ilar, and are thus not presented . H igh rates of sedin ent ttansportw ere generally associated
w ith storm s, gpecifically Storm s2, 4, 6 and 7. Sedin ent transport direction varied considerably
betw een stom s asw ell as during individual storm s. Two of the m ost significant storm s @ and 6),
w ere characterized by opposing trends n sedin ent transport direction— while onshore and
eastward (ie., NE) ttansportdom hated during Storm 4, offshore and westward (ie., SW )
transgportdom inated during Storm 6.W ithin these storm s, transport direction fluctuated by 180°
on a very shorttim e scale (Le. ssveral tim esper stom ). Thism ay have been related to dumal
fluctuations resulting from  efther tidal or nertial current flow , or to other variations in relative
w ave and currentenergy and direction . This question clearly requires further investigation .

This saction has dem onstrated several basic deas. First, and m ost fimdam enally, w nter
hydrodynam ic, bottom boundary layer and sedin entary regponses on the inner shelf of Louisiana
are episodic, and are closely associated w ith extratropical storm passages. Second, these
responses are highly dependentupon the characteristics of a particular storm . Finally, responses
are variable over the course of mdividual stom s, although the causes of this are notknown.

C Jearly, these are com plex issues thatm ustbe addressed through further research .

55



56



6. COM PARISONOFHYDRODYNAM ICS,BOTTOM BOUNDARY
LAYER PARAM ETERSAND SEDIM ENT TRANSPORT DURING
STORM SAND FAIR W EATHER CONDITIONS

A s noted In the mtroduction, coasal scientists have offen used the distinetion between
som s and fair weather as an nformative and convenient means by which t© categorize
hydrodynam ic, bottom boundary layer and ssdinent transport r=gines In a varety of
environm ents. A though this approach is lim ied by the fact that it neglects both the various
phases of ndividual storm s and t© som e degree, the differences betw een storm s, it can provide a
basis by which to evaluate the Iong-term in pact of atm ogpheric forcing, partioularly ifa long data
record is available. STnce ssveral stomm s, w ith a variety of dharacteristics, ooccurred during this
deploym ent, it appears to have been representative of a w ide range of typical w inter conditbions n
coastal Louisiana. This section is therefore devoted to quantifying the m agnitiide and variability
associated w ith storm s and fairw eather conditbons on the Liouisiana coast.

Storm and FairW eather H ydrodynam ics

Hydrodynam ic variables that exert direct Influences on the bottom  boundary layerand
ultm ately, on Inner shelf sedim ent trangport, nclide w ave height and period, nearbed orbital
velocity, and m ean currentvelocity. These are sum m arized forSites 1 and 2 n Tables6 1 and 6 2,
regpectively. A thoth sites, hydrodynam ic conditions during an average stom  clearly differed from
those that ocourred during fairw eather. A s expected, w ave height and current speed  (ooth m ean
and oscillatory) generally increased during stom s, while pesk w ave period decreased, presum ably
as a result of sea-lke conditions thatw ere generated by sudden increases 1 w ind speed .M ean
currentdirection atboth sites w as southw esterly during stomm s, and thus had an offshore
com panent, atthough this ism uch m ore pronounced at Site 1. Fair- w eather cunrent direction was
very close to w egterly at the offshore site, while itw as north-northw esterly at the nearshore site,
ndicating a strong onshore com ponent. Som e storm s w ere clearly very energetic, and w ere
characterized by hydrodynam ic indicesm any tim es In excess of average fairw eather conditions.

N otably, how ever, there w as considerable variability betw een stomm s. n the case of

m eteorologically weak events, such as Storm 3, and t© som e extent, Storm 5, waves and currents
w ere actually less energetic than during typical fairw eather conditions. A nothernotable point is
that, even during pow erfiil stom s, w ave and currenthydrodynam ic characteristics w ere not
necessarily proportionately high— i otherw ords, high waves and sarong m ean flow sw ere not
necessarily concurent. For exam ple, while w aves at the offshore site during Storm 9 werem ore
than tw ice ashigh as they were during Storm 1, m ean current speed wasm easurably w esker. Tt is
clear therefore, thatwhile storm sw ere usually responsible for generating com paratively high-
energy hydrodynam ic conditions, there w as considerable variation betw een storm s.
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Table 61. Sunm ary of storm and fairw eather hydrodynam icm easurem ents taken at Site 1 using System 1B
W ADM A S).H s is significantw ave height, Tp ispeak wave period, and Ub is orbial velocity, while
Top,M id, and Botrefer to the currentm eter velocity at heights 0£100, 60 and 20 an , respectively.

W aves Currents

M eteorology (Hs () Tp (6) Ub(ms")|Top (@ms')M id (ms')Bot (@ns’) D irecton
Storm 1 0.73 1 440 135 17.0 155 111 237
Storm 2 069 489 124 11.7 100 54 132
Storm 3 029 | 3.77 53 48 42 33 346
Storm 4 0.76 398 11.7 16 8 159 8.8 231
Storm 5 033 | 387 60 121 111 76 219
Storm 6 084 481 14 0 138 131 85 167
Storm 7 098 407 14 3 154 150 10.0 214
Storm 8 067 | 522 106 75 70 45 205
Storm 9 181 831 341 141 119 66 49

AllStorm s 087 499 151 13.7 125 7.7 210

FairW eather 052 546 91 62 53 36 260

Table 6 2. Sunm ary of storm and fairw eather hydrodynam ic m easurem ents taken at Site 2 using System 2A .The
U100 m easurem ent is the current gpeed at 100 am estim ated using the Logarithm ic profile m ethod.

W aves Currents
M eteorology Hs ) Tp (6) Ub(ms)|U @ms') U100 (ms’) D irecton
Storm 1 | 053 385 123 99 16 0 288
Storm 2 | 0.73 535 158 94 216 146
Storm 3 | 024 356 56 74 117 301
Storm 4 | 059 387 122 112 201 274
Storm 5 | 023 395 63 8.7 128 191
Storm 6 | 062 470 132 106 220 173
Storm 7 | 0.73 375 14 0 128 24 4 262
AllStorms| 057 427 123 103 195 250
Fair
W eather | 042 525 92 51 121 335

Bottom Boundary Layer Param eters

Hydrodynam ic differences betw een stomm s and fairw eather obviously lead to differences
1 the bottom boundary layer regin e, and these w ere evident at the deploym ent sites, as shown In
Tables 6 3-6 5.0 verall, cunent- and w ave-current shear velocity w ere appreciably higher during
stom s than during fafrw eather, Indicating an ncreased potential for sedin ententrainm entand
transport during high-energy events. H ow ever, there w as considerable variation betw een
ndividual stom s, largely as a resultof theirm eteorological and hydrodynam ic ntensity. Not
Surprisingly, the m ore pow erful storm s, such asStom s 2, 4, 6 and 7, w ere characterized by high
shearvelocity values.
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Table 6 3. Sunm ary of bottom boundary layer param eters (current, and w ave-curent, shearvelocity, apparent
bottom  roughness, R -squared, w ave frdction factor, 100-an drag coefficient, and w ave boundary layer
thickness) calculated based on the System 1B W ADM A S) data for storm s and fairw eather conditions.

u*c(m s')u*aw (@ms') Zoc(@m) 7 fw Cpioo WBL (@m)
Storm 1 150 263 221 09716 0.0374 00114 141
Storm 2 161 242 5.73 09539 0.0404 0.0143 162
Storm 3 041 067 125 09676 0.0222 0.0157 031
Storm 4 154 262 136 09394 0.0455 0.0063 134
Storm 5 1.02 162 2 .02 09301 0.0558 0.0135 0381
Storm 6 136 231 289 08473 0.0328 0.0139 155
Storm 7 142 227 169 09102 0.0309 0.0072 115
Storm 8 0.85 138 3.2 0.7956 0.0230 0.0170 0.86
Storm 9 164 3 .06 384 09714 0016l 0.0106 325
AllStormm s 141 237 3.00 09233 0.0352 0.0116 160
Fair
W eather 064 1.09 323 08485 0.0276 0.0217 0.76

Table 6 4. Summ ary of bottom boundary layer param eters (current, and w ave-current, shearvelocity, apparent
bottom  roughness, w ave frdction factor, 100-an drag coefficient, and w ave boundary layer thickness)
caloulated based on data from the offshore ADV System 1A ) for storm s and fairw eather conditions.

u*c (@ s') u*aw (ms') Zoc(m) fw Cb100 W BL (@am )

Storm 1 120 218 219 0.0326 0.0094 118
Storm 2 1.89 3.08 311 0.0298 0.0094 1.96
Storm 3 045 0.73 591 0.0350 0.0463 036
Storm 4 1.06 154 069 0.0261 0.0048 0.70
Storm 5 0.89 156 097 0.0338 0.0074 0.77
Storm 6 203 321 152 0.0284 0.0052 2 .00
Storm 7 243 366 1.05 0.0378 0.0031 183
Storm 8 228 361 325 0.0489 0.0061 254
AllStorm s 166 267 211 0.0326 0.0090 158
FairW eather 112 187 322 0.0311 0.0182 133

Current shearvelocity was n excessof 1 .5 an s', and com bined w ave-current shear velocity
exoceeded 3.0 an s*, during these events as calculated using the Reynolds Stress RS) m ethod.On
the otherhand, the shearvelocity during Stomm 3 and Storm 5 w ere w eaker than during fair
weatherat tw o of the system s. C oefficient of determ ination () estin ates, cbtained by applying
log-lnear regression to the sacked currentm eterdata from System 1B, were used to evaluate the
degree to which flow sw ere characterized by a w ell-organized logarithm ic stucture. Valueswere
generally higher during storm s than during fairw eatheras hasbeen reported previously for
extratiopical storm passages (Pepperetal., 1999).An Increase In the satistical significance of
Jogarithm ic flow profiles did notalw ays accom pany stong currents, how ever;, as illustrated by
Stom 6, which was characterized by ¥ values sin ilar to those during fairw eather (~0 85). This
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was caused by a few extrem ely Jow ¥ values that occunred during the w aning phases of the stom |,
when apparentbottom roughness (z,.) wasvery high (10-15an ) .How ever, the reason for these
large 7y values during the final hours of the stom  isunknown.

Table 6 5. Sunm ary of bottom boundary layer param eters (current, and w ave-current, shearvelocity, apparent
bottom  roughness, w ave frdction factor, 100-an drag coefficient, and w ave boundary layer thickness)
caloulated based on the System 2A A DV ) data for stomm s and fairw eather conditionsat Sie 2.

u*c (an s u*aw (@m §') Zo. (@m) fiv CD100 W BL (@m)

Storm 1 158 270 342 0.0462 0.0079 133
Storm 2 3.03 4 40 675 0.0383 0.0085 315
Storm 3 1.04 145 215 0.0540 0.0116 066
Storm 4 197 312 223 0.0557 0.0057 155
Storm 5 086 138 0.72 0.0457 0.0063 071
Storm 6 2 46 388 315 0.0472 0.0065 2 80
Storm 7 234 346 156 0.0490 0.0041 166
AlStorm s 208 322 310 0.0481 0.0068 195
FairW eather 158 250 576 0.0447 0.0168 176

A pparentbottom moughness (z,.) decreased during stomm  activity, In m ostcases, when
valuesw ere generally less than 3.0 an , as com pared w ith m ean fairweathervaliesof 3.0-6. 0 an .
Thcreased values w ere also dbserved, how ever, during som e high-energy events, such as Storm 2.
D 1ag coefficientsat 100 an above thebed (Cp140) decreased during storm s, when m ean valiues
werenear 0 .01, roughly half the m ean fairw eathervalue, lkely as a result of the decreased
bottom  roughness. The response of these factors to stom  activity is thought to be a fimction of
bed form changes during the deploym ent, as described previously by ssveral authors €g., Amos
etal, 1999). tispossible that during prolonged fairw eather pericds, w ave ripples eventually
form ed, Increasing the physical roughness of the bed, while high energy conditions caused bed
form s t© be washed cut. Unfortunately, the 1 ited dbservationsm ade of the bed during this study
neither confim nor digprove this, and as such, further investigation of this question isnecessary.

W ave friction factor (£ ), washigher during storm s than during fairw eather, although
Interestingly, itw as high during one of the weskestevents Storm 3) and Iow during one of the
strongest Gtorm 9) . Ik is som ew hatunclearwhy thiswas the case, although it should be noted
thatw ave friction factorw as caloulated num erically, based on a very com plex setof interactions
betw een bottom  boundary layer variables, and thus generalizations based on m eteorological
conditionsm ay notbe entirely appropriate. W ave boundary layer W BL) thickness, on the other
hand, is stongly a fimction, as shown n Equation. 3 21, of com bined w ave-current shear velocity

fUsq, ), and thus responded m uch m ore predicably, occasionally reaching values during strong
storm s thatw ere tw ice thatof m ean fairw eather conditions. A swas the case w ith nearly all
bottom boundary layerparam eters, how ever, deviations from general pattems w ere som etim es
apparent. N ot surprisingly, this variabily w as also apparent for sedin ent transport, asw illbe
discussed In the next section.
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Sedin ent T ransgport

Tables 6 6 through 6 9 show s=din ent trangportpredicted using a variety of m odels as
wellasbed level change for stom s and fairw eather at the tw o deploym ent sites. A snoted In
earlier sections, the absolute values of sedin ent trangport predictions varied w idely, and as such,
they should be used chiefly as relative Indices for the purposes of com parison . G enerally speaking,
the differencesbetw een storm and fair-w eather conditions thatw ere evident in hydrodynam ic and
bottom boundary layer param eters are also doservable 1 the sedim ent transportdata. A ccording
to nearly all ndices, the predicted rate of sadin ent trangportw as higher during stomm s than during
fairweather, w ith m ean stom values caloulated using certan m ethods exceedng fairw eather
values by nearly an order of m agnitude. Sedim ent transport values varied w idely betw een storm s
aswell. Stom 3 was characterized by litfle orno sedin ent transport, while strong storm s, m ost
notably Storm 6, caused sedin ent trangport rates w ell over an orderof m agnitide n excess of
fairw eather rates. Tt is apparent, therefore, that overall sedin ent ttansportw as dom nated by
Bbrger som s. Ik is also nteresting that the m ean sadin ent transport rate during fairw eatherwas
not zero as caloulated by any of the techniques, Indicating that sedin ent trangportm ay occurat
this Jocation during m ean w nter fairw eather conditions; previously, fairw eather resuspension
and transportofbottom  gadin enthas often been considered unlikely form uch of the Louisiana
Tner chelf eg.Adam setal,, 1987;W rightetal,, 1997).

Table 6 6. Sunm ary of sedin ent transport estim ates w ithin and above the w ave boundary layer for storm s and fair
w eather conditions at the offshore site. These calculationsarebased on W ADM A S data analyzed using
the G rantM adsen M odel com bined w ith Rouse Profiles (the GM R m ethod).

Z<wbl z>wbl Toal
M eteorologyQ fngam ™ s')DirectionQ fmgam - s) Directon |Q tmgan ~ s°) D drection
Storm 1 0330 238 0608 248 0934 245
Storm 2 0235 125 0591 112 0.822 116
Storm 3 0.000 9 0 = 0 9
Storm 4 0207 247 0398 231 0600 237
Storm 5 0.053 253 0.040 257 0.092 255
Storm 6 0433 152 2237 135 2 655 138
Storm 7 0160 190 0.083 202 0241 194
Storm 8 0.028 161 0.001 179 0.029 162
Storm 9 0.055 37 0399 9 0448 12
ATlStorm s 0135 175 0465 141 0581 148
Fair
W eather 0.072 305 0113 258 0170 276
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Table 6.7. Pradicted sedim ent trangportand bed level change for Site 1 based on data from System 1A analyzed

using severalm odels.
GM R M PM
Q ftmgam 's') Direction|Q (mgam *s') Direction |Bed Change (am )
Storm 1 258 251 56 6 245 ©3
Storm 2 2133 119 821 113 11
Storm 3 00 343 03 343 02
Storm 4 0.7 227 55 203 86
Storm 5 06 208 81 176 03
Storm 6 14251 120 159.0 120 22
Storm 7 1157 8 185 3552 165 21
Storm 8 2841 269 1159 260 02
ATlStorm s 5491 139 9738 145 -14 0
FairW eather 138.7 298 856 253 405

Table 6 8. Pradicted sedim ent trangportand bed level change for Site 2 based on severalm odels.

GM R M PM

Q fmgam 's') Direction|Q fmgan “s') D irection |Bed Change (am )
Storm 1 202 295 1012 296 05
Storm 2 887.8 129 451 4 66 83
Storm 3 48 276 208 309 01
Storm 4 1125 281 1751 261 2.7
Storm 5 0.7 309 120 324 01
Storm 6 22774 199 975.7 230 -16
Storm 7 544 8 268 267.7 237 -16
ATlStorm s 803 .0 180 402 3 238 19
FairW eather 579.0 54 3256 351 111

The direction of sedin ent transport also varied betw een storm and fairw eather conditions,
aswell asbetw een sites. The firstpoint to note is thatm ean s=din ent trangport during storm s at
both siteshad a strong seaward (offshore) com ponentas predicted by allm ethods. Thiswas
apparently the case both w ithin and above the w ave boundary layer, as indicated by colim ns 3 and
5 ofTablk 6 6. twas also true forboth sugpended and bed load transport, as shown by Tables 6.7
-6 9. Strong seaw ard com ponents w ere m ostpronouncad during m ore energetic stom s, which,
asnoted previously, generally dom hated overall transport. Landw ard trangportw as som etim es
evident, how ever, during w eaker events such as Stomm 3. Thisw as particularly notz@ble at the
nearshore gite, where roughly half of the storm s trangported sadin entonshore, although at
generally low er rates than the seaw ard transport that occurred during the other of the stom s.0ne
exception to thiswas Stom 4, which was fairly energetic, but appeared to have a slight landw ard
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com ponent @tSie 2), ow Ing to the presence of m ean w estnorth-w esterly flow Ing cunrents.
A cross—shelf trtansport during fairw eather, in contrast t energetic storm  conditions, had a
Jandw ard com ponentatall sites, according to the m ajprity of prediction m ethodsusad.

Table 6 9. Cospectral estin ates of sugpended sedin ent transport (ng an s*) atSystem 1A (~20am above the bed)
Periods are Infiagravity =>10 25sW Ind-W ave:2 15s-10 24s.

Infragravity W ndW ave
M ean Transport T ransport T ransport TomalTransport
m gan s’ D drectionim gam s D frectionm gam s D frectionm gam s D frection

Storm 1 141 252 163.0 73 107 4 73 2505 73

Storm 2 86 146 958 349 394 9 8 504 6 3

Storm 3 00 57 43 174 25 232 61 189

Storm 4 159 253 1993 29 6072 177 4679 158

Storm 5 11 249 133 59 357 31 48 6 38

Storm 6 478 141 3366 338 905 6 351 1536 5 346

Storm 7 28 171 911 157 496 6 237 496 2 227

Storm 8 02 273 118 39 85 75 186 50
AllStorm s/ 114 165 1198 4 1392 345 322.7 353

Fair
W eather 22 274 1006 316 4299 312 5322 312

Table 6 10. Cospectral estin ates of sugpended sedin ent transport (ng an s*) atSystem 2A (~20 an above the
bed) Periods are Infiagravity =>10 25sW Ind-W ave:2 15s-10 24s.

Infragravity W ndW ave
M ean Transport Transport Transport TotalTransport
m gan ~s'D drectionm gam “s™D frectionm gam “s'D frectionm gam “s” D dfrection
Storm 1 216 294 843 116 963 167 1450 147
Storm 2 306 141 106 3 321 773 359 1804 334
Storm 3 08 279 32 103 1.7 103 42 102
Storm 4 317 287 1102 94 71.7 106 1653 97
Storm 5 01 353 03 167 04 179 0.7 175
Storm 6 1511 140 1525 314 7914 71 757 2 69
Storm 7 492 265 1505 79 154 9 107 283 6 93
AllStorm s 329 155 401 7 214 5 74 232.7 70
Fair
W eather 2.7 334 16 9 257 102 6 358 1005 345

A Iong-shelf transgport varied som ew hataccording to the techniquesused, and
generalizations are difficult tom ake. W egerly transport predictions w ere m ore prevalent during
stom s than easterly predictions, although there w as considerable variability betw een storm s that
did notseam 1o be rlated to ntensity . D uring fairw eather, easterty sedin ent transport
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predictions w ere som ew hatm ore comm on than w esterly predictions. Th both cases, the causes of
this variability are unknown . Ik is possible that snce eastw est shifts n w Ind direction

accom panying extratropical storm sw ere notgenerally as regular or dram atic as north-south

shifts, alongshore changes n hydrodynam ic and sedin ent transgport param eters w ere notas clear
they were In the across-chelf. This suggests that, unlke m any coastlines where along-chelf fiixes
dom mate, notably the A tlantic and Pacific coasts of N orth Am erica, the northem coastof the Gulf
ofM exicom ay be m ost srongly influenced by m eteorological, hydrodynam ic and sedin entary
variations in the acrosschelf direction .

Sedin ent F luxes across Ship Shoal

It is apparent that Ship Shoal exerts a significant mfluence on r=gional hydrodynam ic and
sedim ent transport pattems, and as such, convergences and divergences (1e. fluxes) of sedin ent
are expected to occur during certain conditions. C aloulating these fluxes is in portant, of course,
T providing a clearer representation of the shortterm m odulating effect of the shoalon sedin ent
transgport pattems. H ow ever, snce convergences and divergences indicate potential accretion and
erosion of the shoal, calaulation of flux is perhaps even m ore crucial in descrbing the long-term
evolution of Ship Shoal, and ultm ately, predicting its fate.

The issues discussed above are In portant forboth theoretical and practical reasons. First,
asnoted earlier, Ship Shoal is a consgpicucus and nfluential bathym etric feature on the Louisiana
Tmner shelf that reduces w ave energy and m odulates current velocity . Changes to itsm orphology
are therefore closely linked w ith r=gional changes in hydrodynam ics and ssdin ent transport.
Furthem ore, its sandy sedin entary com position is som ew hatanom alous In the regional context of
the otherw ise m uddy Louisiana coast, and itm ay therefore serve as an in portant source of sandy
sedim ent to adjpoentbarrier islands and w etlands, efther through natural processes or oy m eans of
hum an nourishm ent progcts. G Iobally, the shoal is som ewhatdistnctive In term s of mmer-chelf
geology, since it form ed recently as a result of excsptionally rapid rates of coastal transgression
and barrer igland sulom ergence. In a sense, therefore, Ship Shoalm ay serve as a “aboratory” 1
which transgressive responses over short tin e scales reflect long-term  barrier island regoonses to
relative sea level rise on m ore Mypical” coasts. Tn light of these r=gional, and global
considerations, this section is therefore devoted t© discussing the sedin entary fhixes across Ship
Shoal associated w ith m eteocrological forcing.

There w as considerable variability n flux during the deploym ent, as shown in Figures 6 1-
6 4. This isnot surprising, given the shorttem varability n curnrents and sedim ent transgport that
occurred ateach site individually. Figure 9 1 represents the current flux throughout the
deploym ent, which appears to have been predom nantly divergent, aside from a few convergent
peaks, such as those acoom panying Stom s2 and 6. Them ean tendency tow ard divergence was
presum ably the resultof the persistent seaw ard current com ponentat Site 1 and landw ard current
aom ponentat Sie 2 . The current convergence during Stomm 2 and 6, on the otherhand,
occurred when flow sw ere seaw ard atboth sites, butw ere com paratively soongerat Sie 2.
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Figure 6 1. Cunrent flux over Ship Shoal. The occurrence of stom s is Indicated w ith black anmow sand N D .
represents a tim e Hrwhich no data are available, ow Ing to sensorburial.

Figures6 2-6 4 show the flix of sedin entacross the shoal as caloulated using various
m ethods. The pattem is sin ilar in all cases— fairly low m ean values w ere punctuated by high
levels of epigodic convergence or divergence. H igh-volum e events often occurrad In regoonse to
atm ospheric stom s, although thiswasnotalw ays the case. Such events w ere som etim es
characterized by altermating periods of convergence and divergence, and, asw illle dem onstrated
sibsequently, net storm  flux is therefore m uch Iow er n volum e than w ould be expected . C learly,
therefore, sedin ent flux, lke s=din ent transport ata partoularpoint, ishighly episodic. Table
6 11 show s the flux of sedin entacross Ship Shoal for the deploym ent, In the contextof
m eteorological conditions. A s expected, regularities T sedin ent flux over the shoalm nor those
T sedim ent rangport at the ndividual sites. Therefore, there w as considerable variation in fix
depending upcon both the Individual stom and the com putationalm ethod used . D egpite these
sources of variability, how ever, the data clearly indicate that storm sw ere m ostoften associated
w ith convergence of sadin entover the shoal @ocretion), while fairw eather conditionswere
related to divergence (erosion). Th particular, soong flux convergence ocourred during Storm s 2
and 6, apparently as a result of differences In sedim ent trangport rate betw een the tw o sites.
Specifically, although seaw ard transport occurred atboth locations, the rate wasm uch higherat
the nearshore site. On the otherhand, fiux divergence occurrad during Storm 7 for just the
opposite reason— a higher rate of seaw ard trangportat Site 1 than atSite 2. Fairweather
conditions w ere characterized by flux divergence over the shoal, caused by high mates of landw ard
transgport at the nearshore Jocation, accom panied by low e, and predom nantly westw ard,
sedin ent trangport at the seaw ard site.
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Figure 6 2. Flux of sedin entacross Ship Shoal as caloulated using the GM R M ethod.
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Figure 6 3. Flux of suspended sedin entacross Ship Shoal as calculated using the steady current/concentration
(SCC) methcd.
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Figure 6 4 : Flux ofbed load across Ship Shoal as calculated using the M eyer-Peterand M uller M PM ) m ethod.

Table 611. Sedinent flux (nmgan * s*) across Ship Shoal during stom s and firw eather as predicted from
System 1A and 2A using spectralm ethodsand the GM R and M PM m odels (outlined previocusly) .
N egative values ndicate a divergence of sedin ent from the shoalw hile positive values indicate a

convergence.
Spectral T in e Averaged
M ean nfragravity W md-wave  Sum GMR M PM
Storm 1 5331 713 54 528 94 116025 | 21729 | 4162
Storm 2 -1.76 158 14 1093 63 1286 80 | 220.72 | -177 46
Storm 3 068 -1033 -12 86 2111 187 254
Storm 4 52 63 71541 -1333 94 405 .05 443 1199
Storm 5 522 63.70 147 63 214 22 055 918
Storm 6 1281 23085 672 64 120716 |130785| 444 65
Storm 7 4010 -191 .00 247724 2548 22 | 583 88| -66.03
AllStorms | 1182 31347 32.02 40822 | 28134 57.75
FairW eather| -11.08 -157 16 -933 56 113263 | 6225 3028

T summ ary, therefore, sedin ent fix on Ship Shoal tends to be divergence fpotentially,
erogion of the shoal) during fairw eather, due largely to high rates of onshore trangporton is
Jandw ard side, and convergence fpotentially, shoal accretion) during stom s, due to strong
offshore trangport on the seaw ard side. The situation is som ewhatanalogous to the well-
established m odel of surf zone storm  sedin ent trangoort in which seaw ard transgport during storm s
creates an offshore bar that is then steadily rew orked landw ard during fairw eather. This
com parison should notbe carried too far, how ever, since the forcing m echanism s operating on
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Ship Shoal are poorly understood, and m ay be com pletely unrelated to those that operate n the
nearshore. Furthemm ore, the sedin ent flux nitated by individual storm swashighly variable,
Suggesting thata single “ypical” pattem of flix due to storm sm ay nothbe a realistic paradigm for
of Ship Shoal. N onetheless, it appears that the natural evolution of Ship Shoal is the resultof
balances betw een erosive fairw eather mfluences, and aggradational w nter-gorm  nfluences.
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7. VALIDATION OF NUM ERICAL WAVEM ODEL (STWAVE)

Introduction

Phase 1 of thisprogram concentrated on quantifying the in pacts of sand rem ovalat Ship
Shoalon thewave field Stone and Xu,1996). Th order to accom plish thisgoal, a num berof
sate-of-the-artnum erical w ave m odels w ere evaluated STW AVE v3,REFD IF,REFD IFS,
RCPW AVE). Thesem odelsw ere com pared against the follow Ing criteria: representation (scale),
efficiency, accuracy, spectral capability, com putational grid size requirem ent, bresking criteria,
and w Ind-w ave generating. STW AV E wasgiven the highest com posite score because of its
Soectral capability, inclusion of a w nd-forcing fimetion, high accuracy, and high efficiency.

STW AVE isa fnie-difference m odel fornear-coast tim e-independent spectral w ave
energy propagation sim ulations Ciloneetal., 1992;M cKeesetal., 1999). kisbassd on a
sim plified spectral balance equation

i(3CgE<f/f1>)+i(Zc:gE<f;q))+ s;=0
= )%

where
E (£?) =spectral energy density
£ =frequency of spectral com ponent

? =propagation direction of spectral com ponent

Si =source tem s (hoaling, refraction, w nd forcing, w ave-w ave nonlinear
hteractions, bottom Interacton, et.) (@eeM K eeetal., 1999 fora detailed
description .)

STW AVE sin ulation requires a w ave energy spectrum  specified for the mputboundary of the
com putationalgrid. Tktransform s the spectrum across the grid, Including refraction and shoaling
effects. The spectium ism odified t© nclude the effects of bottom  diffraction and the
aonvergence/divergence of energy Influenced by the localbathym etry. W ind-w ave generation,
nonlinear energy transfer, w ave field and w ave-dottom  dissipation and w ave breaking are
considered . Them odel is com putationally efficientbecause of its assum ption thatonly wave
energy directed nto the com putational grid is significant, ie., wave energy notdirected into the
grid isneglected.

Valdation M ethods

The output from STW AV E version 3 was tested fortwo CSI field deploym ents n 1998/1999 and
2000. Two satonsw ere egablished for the firstdeploym ent (offshore and inshore on Figure 7 1)
and a third sation m id-w ay betw een the formm er during the 2000 deploym ent. Forboth

deploym ents, w ave Inform ation m easured at the offshore sation was selected as the mput
boundary condition for the m odel. The w ind conditions for the 1998 09 deploym entw ere
dbtaned from Grand Igle, Louisiana, and a Terrdbonne Bay site for the 2000 deploym ent. The
nputwave spectra (ONSW AP) were caloulated by STW AVE from m easured significantw ave
heights, peak w ave period, and w ave direction and corresponding w ind inform ation . A range of

69



15 frequencies w as applied over 35 approach angles. Peak, low , and high cutoff frequencieswere
dependanton the ndividualm easured w ave param eters at the boundary station . Because

STW AVE isahalfplanem odel (1e., wave energy can only propagate from offshore to onshore
or+/-87 5 degrees from the grid x axis), w Ind generated w aves from the north are neglected.
The bathym etric grid at Ship Shoalhad the din ensions 16 6 km by 27 1 km .A s shown on Figure
7 1, the offshore sation was located on the south side boundary of m odeling area, and them id
and inshore sations to the north. The bathym etric grid w as generated from surveys conducted in
the 1980'sby the United States G eclogical Survey. Bathym etry for the w est and north westpart
of the study site was dbtained fiom the National O cean Service. The grid size is166 by 271 w ith
100 m eters spacing .M easured w ave and w Ind data w ere Input to the m odel forboth tim e serdes
every 3 hours for the 1998 59 tim e series and 4 hours for the 2000 tim e series. A to@lof 590

m odels nins w ere conducted and the data are presented 1 Figures 7 2-7 17 as scatterplots of

m easured and num erically derived H along w ith the respective coefficient of determ nation &),
and tim e series plots of m easured and com puted H, . Plots of allw Ind directions forboth
deploym ents are presented 1 addition to w ind directions from the SW , S and SE .
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Figure 71. Location of the m odeling area at Ship Shoal and lnstrum entation deploym ent sites.
C om parison of In Sit1 and M odeled D ata

High ¥ values of 0 85 and 0 89 w ere cbtained forall com parisons in both deploym ents at
the Thshore station Indicating that STW AV E has perform ed well In predicting Hg (Table 71 and
Figures72 and 73). Asshown n Figures 7 4 -7.7, the m easured and predicted values are n
good agream ent throughout the entire range of w ave heightsm easured, 01 t© 1 6m . A tboth
stations foreach deploym ent, the m odel overpredicts w ave heightby between 23 and 24%
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(Table71). AttheM 1ddle sation forthe 2000 deploym ent;, the ¥ value is0.76 Figures 7 8 and
7 9) forallw nd directions and the percentage over prediction is13% (Table 7 1) forH, values
ranghgbetween 01 t0l2m .

Table 7 1 : Peroentage of overprediction of H by STW AV E when com pared t© In situ m easurem entsat
tw o Jocations on Ship Shoal, based on 590 m odel muns.

W Ind 1998/1999 D eploym ent 2000 D eploym ent 2000 Deploym ent
D frection (nshore) (Inshore) M iddle)
Percentage ¥ Percentage ¥ Percentage ¥
From :
SW ,S,SE 141 090 234 081 76 056
From : Nowaves from this
SW direction 194 0.79 64 0.79
AllData 24 2 085 234 089 131 0.76
30
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Figure 72: Summary of $ overpredicton of H by STW AVE forall satons.
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Figure 7 3: Summ ary of ¥ values form easured and m odeled H ; forall stations
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Figure 7 4. Scatter plotof significantw ave heights for 1998,/99 deploym ent for allw ind directions at
Thshore station.
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Figure 75. Com parison of m easured and num erically m odeled w ave heights forallw ind directdons n
199809 deploym entat nshore sation .
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Figure 7 6. Scatter plotof significantw ave heights forallw ind direction at lnshore sation for2000
deploym ent.
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Figure 7.7. Com parison diagram ofnum erically m odeled and m easured w ave heights forallw ind
directions at Tnshore station for2000 deploym ent.
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Figure 7 8. Scatter plot of H sm easured vs. H s num erically m odeled for 2000 deploym entatM iddle
staton.
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Figure 79. Com parison diagram ofnum erically m odeled and m easured w ave heights forallw ind
directions atM iddle s@ation for 2000 deploym ent.
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G iven that STW AV E doesnotaccount forw aves generated and propagated from the
north, Inputw ave param eters of w aves approaching from the southw est, south and southeast
w ere extracted from the m easured data sets and nputto them odel. Forthe 199859 deploym ent
at the nshore sation, the ¥ value ncreased to 0 9 and the percentage overprediction of H
decreased © 14 1% when com pared to alldata de., w nds from all fourquadrants) Figures 710
and 711).. Forthe 2000 deploym ent, how ever, the ¥ value decreased slightly to 0 81 and the
percentage over prediction ram ained the same 23 4% ) Figures 712 and 713). D ata dotained
from theM iddle sation show ed am arked decrease In overprediction from 131% down to 7 6%
and a decrease 1 the ¥ value fiom 0.76 t© 0 56 Figures 714 and 715).
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Figure 710. Scatterplotof m easured and m odeled H ¢ forw ind blow ing from southw est, south and
southeast for 1998 59 deploym entat Tnshore sation .
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Figure 71. Com parison diagram ofnum erically m odeled and m easured w ave heights for selected
southw est, south and southeastw Inds at Tashore station for 1998,/99 deploym ent.
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Figure 712. ScatterplotofH sm easured vs. H snum erically m odeled at nshore sation for southw est,
south and southeastw Ind directions for 2000 deploym ent.
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Figure 713: Com parison diagram ofnum erically m odeled and m easured w ave heights for southw est,
south and southeastw Ind directions at Tashore station for2000 deploym ent.
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Figure 714. ScatterplotofH sm easured vs. num erically m odeled Hs atM iddle sation for southw est,
south and southeastw Inds foe 2000 deploym ent.
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Figure 715. Relationship betw een num erically m odeled and m easured significantw ave heights atM iddle
sation for southw est, south and southeastw nds.

To test the m odel further, w aves approaching from the southw estw ere extracted from the
tim e series and used as Tnput. Thiswas done to test if the orentation of the Instrum entation aray
(slightly southw est to northeast) and w ave refraction effects across the seaw ard flank of Ship
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Shoalw ere of significance In the com parisons of data sets. D urng the 1998/1999 deploym ent

w aves did not approach from the southw est, a com m on phenom enon during w interm onths off the
Louisiana coast. Forthe 2000 deploym entat the Tnchore station, the ¥ value decreased slightly
when com pared t© SW , S and SE approaches from 081 t©0.79 Figures 716 and 717). The
percent overprediction in H, decreased by 4% 019 4% . AttheM iddle siation, the ¥ value
creased from 056 t© 0.79, and the percent over prediction of H . decreased by 1 2% t0 6 4%
Figures 718 and 719).
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Figure 716. ScatterplotofH sm easured vs. H snum erically m odeled for southw estw ind only at Tashore
station for2000 deploym ent.

hshore Station 2000 Deplym ent, SW w Ind)
12
—#%—— Hsgm easurrd
1 - #- - Hsnumercalymodekd | |
—~ 0.8 . '. ’
£ ) - o
o6 & . b T 5
o - }L . o ™ om fl fE "
. 3, 8 \) - . "/ N . 3 4 i,
R START ANV CANIRTAYL
02 4d ¢ : N : ‘ , : ]
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1 6 11 16 21 26 31 36 41
Num berofM easurem ents

Figure 7 17. Relationship betw een num erically m odeled and m easured significantw ave heights for south -
westw Ind only at Inshore sation.
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Figure 718. ScatterplotofH sm easured vs. H snum erically m odeled for southw estw ind only atM iddle
station for2000 deploym ent.
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Figure 719. Relationship betw een num erically m odeled and m easured significantw ave heights for south-
westw Ind only atM iddle station .

Assummmarized n Tablk 71 and Figures 7 2 and 7 3, the data presented indicate that
STW AVE overpredictsH by between 6 and 24% . Overprediction show s a general decrease
when w Inds from the northemn tw o quadrants are ram oved from the tim e series. M odeling w aves
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propagating from the southw est to Incorporate possible refraction effects across the shoaldoes
not significantly alter either the over prediction percentage or ¥ valie when com pared to wave

approaches from both southem quadrants. O verall, the m odelhas predicted H very wellovera
Substantial spectrum of w ave conditions for the northem Gulf of M exico.
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8. CONCLUSIONS

Based on the data presented, the follow Ing conclusions arem ade:

. Hydrodynam ic, bottom boundary layer, and ssdim entary variability on the Louisiana imer shelf
during the w inter is episodic, and is largely the result of recunring extratropical stom  passages.

. Considerable variability betw een storm s, asw ell as during storm s them selves, is reflected In
hydrodynam ic, bottom boundary layer, and sedim entary param eters. Som e ndices are ssveral
orders of m agnitude greater during strong storm s than during fairw eather, while n the case of
weak sorm s, the sam e param etersm ay actually be weaker.

. D epite this considerable variability, stom s are generally characterized by Increases in: wave
height, near-bed orbital, and m ean current speed, shear velocity, suspended sedin ent
concentration, and sedim ent transgport. D ecreases In w ave period and apparentbottom
roughness are also apparent.

. Sedin ent trangport during the w inter is dom nated by the strongest stomm s, when net sedin ent
flux tends o be seaw ard.

. D ifferences betw een the ssaw ard and landw ard flanks of Ship Shoalare gpparent. W aves tend
to be higherand Ionger In period on the seaw ard side, while m ean currents are generally higher
landw ard, w here they are directed onshore, In com parison w ith the seaw ard currents that
predom hate at the offshore site. Tk is apparent, therefore, that Ship Shoal exerts a significant
nfluence on regional hydrodynam ics, reducing w ave energy and m odulating currentvelocity.

. The Iong-tem evolution of Ship Shoal appears to be the resultof a balance betw een fair
w eather mfluences, which cause erosion, and w inter storm Influences, which cause accretion .
Superficially, this closely follow s the com m only-held notions of nearshore storm fairw eather
sedim ent transport on bared, but direct parallels are avoided for the m am ent since the details
of process and regponse require further investigation .

. The num ericalwave m odel STW AV E version 3, appears to represent the wave field across
Ship Shoalvery well and on considering the com plexity of w ave-w ave/unent nteractions at
the site, the tendency for overprediction is relatively m nor.

. There is a considerable am ocuntof additional experim entation that should be conducted at the

site, particularly to answ er questdions peraining to large-scale sedin entation pattems and
event-scale m orphodynam ics.
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